
A general methodology for 
beached oil spill hazard 

mapping and its application to 
the Atlantic basin coasts

Nadia Pinardi (1), A.A.Sepp-Neves (1), F.Trotta(1) and A.Navarra(2)
(1) Department of Physcis and Astronomy, University of Bologna and

(2) Foundation EuroMediterranean Center on Climate Change

https://meetingorganizer.copernicus.org/EGU2020/EGU2020-6032.html


Outline

Understand uncertainties in 
oil spill model simulations 
and use ensemble method

1
The nexus of a general 
hazard mapping 
methodology

2
A general Beached oil 
distribution for the hazard:

The Weibull distribution

3
Conclusions and outlook

4



The Challenges of 
Sustainable development

• The first target for SDG 14 is:
14.1: By 2025, prevent and significantly reduce marine pollution of 
all kinds,  in particular from land-based activities, including marine 
debris and nutrient pollution 

• So we need to establish replicable and reproducible estimates of 
pollution hazard.  We started with oil pollution



• Millions of tonnes of oil transported by vessels

• Over 600,000 tonnes end up in the marine environment

• Almost 50% are due to operational spills and we ignore their 
impacts on the our coasts 

Extracted from www.marinetraffic.com

Why oil pollution?



What are the uncertainties connected to 
oil spill hazard modelling?

• Sepp-Neves, Pinardi 

and Martins, 2016. IT-OSRA: 

applying ensemble simulations 

to estimate the oil spill risk 

associated to operational 

and accidental oil spills, 

Climate dynamics, 66:939–954, 

doi: 10.1007/s10236-016-0960-0
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The nexus of oil hazard mapping

• How do we synthetize the oil spill information 
considering the uncertainties?
• Can we construct a probability distribution of the 

beached oil on the coasts that will be equal for all the 
coasts so that we can compare distribution 
parameters?
• Do other examples of such methodology exists? Yes, 

for example in earthquake hazard mapping. 
Earthquakes, Woessner and Wiemer 2005

Magnitude



Need to 
construct 
the 
probability 
distribution 
for many 
different 
coastal 
areas

Use ensemble simulations to map beached oil due to 
changing ocean and atmosphere conditions and different 
release points

Changing 
currents

Use a realistic model for fate and transport of oil and oil 
beaching processes

Realistic oil 
model

Compare areas with very different coastal segments and 
in particular ocean current regimes

Different 
coasts

Study the statistical distribution of concentration at the 
coasts and extract a general relationship

Beached oil 
distributions

Sepp Neves AA, Pinardi N, Navarra A and Trotta F (2020) A General Methodology for Beached Oil Spill Hazard Mapping. Front. Mar. Sci. 7:65. doi: 10.3389/fmars.2020.00065
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First let’s do a gedanchen-experiment 
(thought-experiment)

Only one release point

Analysis of the oil concentration 
crossing the red line 
for variable ocean currents

The oil oncentration distribution along the red line:
A Weibull (1950) distribution !

Sepp Neves AA, Pinardi N, Navarra A and Trotta F (2020) A General Methodology for Beached Oil Spill Hazard Mapping. Front. Mar. Sci. 7:65. doi: 10.3389/fmars.2020.00065

https://www.sincem.unibo.it/images/articoli/10.3389_fmars.2020.00065.pdf
https://doi.org/10.3389/fmars.2020.00065


Now let’s do realistic coastlines and 
many release points

Sepp Neves AA, Pinardi N, Navarra A and Trotta F (2020) A General Methodology for Beached Oil Spill Hazard Mapping. Front. Mar. Sci. 7:65. doi: 10.3389/fmars.2020.00065

Eastern Atlantic Archipelago Western Atlantic Island

South Brazil coasts
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The distibution is the same but with 
different distribution parameters
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The Weibull distribution is: �
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What do we do now with the distribution: 
the beached Oil Hazard Index

• Where 

• The Weibull distribution is a fat-tail distribution and it informs us that all coastal areas have the possibility of 
large concentration of oil deposited after operational releases. 

• We can define the Weibull tail distribution H to assess the hazard and intercompare the diffferent areas

H = 1� F (xcut) = e
�( xcut
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is a threshold oil concentration here chosen to be xcut

<latexit sha1_base64="6MrzZ7VdcMG71Qz498XhaTY68c0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtqlm03YnYgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789iPXRsTqAScJ9yM6VCIUjKKV2k/9jKU47ZcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/d0rOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms9/JQGjOUE4soUwLeythI6opQ5tQyYbgLb+8SloXVa9Wvb6vVeo3eRxFOIFTOAcPLqEOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QPQBI/n</latexit>

25 tons/km

<latexit sha1_base64="i9qoczaj/Pm1BdziO0eF45vt2Gg=">AAACAHicbVC7SgNBFJ2NrxhfUQsLm8EgWEjcDRG1C9pYRjAPyC5hdjJJhszMLjN3xbCk8VdsLBSx9TPs/Bsnj0ITD1w4nHMv994TxoIbcN1vJ7O0vLK6ll3PbWxube/kd/fqJko0ZTUaiUg3Q2KY4IrVgINgzVgzIkPBGuHgZuw3Hpg2PFL3MIxZIElP8S6nBKzUzh/g0rl/in1gj6BlCpEyZwM5wu18wS26E+BF4s1IAc1Qbee//E5EE8kUUEGMaXluDEFKNHAq2CjnJ4bFhA5Ij7UsVUQyE6STB0b42Cod3I20LQV4ov6eSIk0ZihD2ykJ9M28Nxb/81oJdC+DlKs4AabodFE3ERgiPE4Dd7hmFMTQEkI1t7di2ieaULCZ5WwI3vzLi6ReKnrl4tVduVC5nsWRRYfoCJ0gD12gCrpFVVRDFI3QM3pFb86T8+K8Ox/T1owzm9lHf+B8/gBnc5Wv</latexit>

H is the beached Oil Hazard Index that is reproducible and replicable



The hazard is larger in the 
Western Atlantic Island



Conclusions and outlook
• We have demonstrated a straightforward and objective method to quantify the coastal oil spill hazard based on 

ensemble oil spill experiments which sample the uncertainties associated with oil spill accidental releases.
• Both oil in the open ocean and beached oil concentrations are successfully described by the Weibull
distribution. The large beach oil concentrations are contained in a "fat tail" which 
characterizes this distribution.
• We propose a new hazard index for beached oil which allows to intercompare
different world ocean areas and their different hazards.
• Future work will consider an in-depth study of the ocean flow field parameters and how they modulate the 

coastal oil spill hazard.



Visit us at the 
whole Atlantic Oil 
Hazard Index site!

https://glamor.sincem.unibo.it/


