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Motivation

> integrated coastal and harbor 
management

> timely prediction and 
monitoring of environmental 
conditions 

> anticipation of the impacts of 
hazardous events 

> necessary information for safe 
navigation and harbor operation, 
and the protection of valuable 
natural assets

BP platform oil

spill



VOILS (Vela-OIL-Selfe) modeling system

Azevedo et al., 2014. A cross-scale numerical modeling system for management support of oil spill accidents, Marine Pollution Bulletin, Volume 80, Issues 1–2, 
15 March 2014, Pages 132-147, ISSN 0025-326X, http://dx.doi.org/10.1016/j.marpolbul.2014.01.028.

Tides, Climatological data, Atmospheric Forcings, Waves, 

Oil spill characteristics, Oil type

Inputs and Forcings
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2D VOILS



• SELFE Hydrodynamic
Model (Zhang and Baptista, 2008)

� Calculates elevation, velocity, salinity and
temperature

� Unstructured horizontal grids and SZ vertical 
grids

• Transport and oil
weathering model
� 2D VOILS solves the transport and oil

weathering at surface

� Adaptation of the temperature and salinity
transport algorithms to oil transport
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3D VOILS



Oil weathering 
processes

Evaporation
Emulsification

Dispersion 
and 

Dissolution

Surface 
Spreading

Shoreline 
Retention Deep spills



Oil weathering processes

Spreading 1.   Lehr et al. (1984)

2.   Lehr (2001)

Evaporation 1.   Stiver & Mackay (1984)

2.   Fingas (2004)           3. Jones (1997)

Emulsification 1.   Mackay et al. (1980)

2.   Rasmussen (1985)

Shoreline retention and Reposition
based on OILMAP and COZOIL formulations

Dispersion and Dissolution in water column
based on Tkalich and Chan (2002) formulation



Oil weathering processes 
calibration and validation



Synthetic lagunar system
Forcing: M2

Lagoon
Inlet

Coastal area

Shoreline Retention and
Reposition



- Building blocks – modeling system
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Water quality

- Oil spills

- Ecosystem
dynamics

- Fecal contamination

Waves

Circulation



- Circulation and Wave propagation

• Real time forecasting system
for waves and currents

• Public web services

• Project specific web services
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Circulation forecast in the Portuguese coast

Real time forecasting of waves
at multiple scales

Automatic verification
with on-line data



WebGIS Observatory Platform for Oil Spill Risk 
Management In The Aveiro Lagoon

> “one-stop-shop” for all relevant information for coastal managers and 
emergency agents

> on-line, intuitive and geographically-referenced access to real-time data and 
model predictions

> on-demand services in support of routine management of coastal resources and 
harbor operations

http://ariel.lnec.pt/spres



Located in the North-Western Portuguese coast 
(40°38’ N, 8°45’ W)

Length of 45 km (N-S direction) 
Maximum width of 10 km (W-E direction)

Shallow coastal lagoon with a large number of 
narrow channels which are characterized by 
extensive intertidal areas, mainly mudflats, salt 
marches and old salt pans. 

The lagoon system radiates from the sea entrance 
four main branches: S. Jacinto, Espinheiro, Mira and 
Ílhavo channels. Their geometry is very irregular 
and the water depth is very low.

WebGIS Observatory Platform for Oil Spill Risk 
Management In The Aveiro Lagoon



> Hydrodynamic Forecast

> in webGIS environment

> in fast acess images
(static layers or animated)

> Capacity to probe on
model forecasts

Real time forecasting system



Real time forecasting
system

> Comparison of model results 
with field data provided by in 
situ sensors



> Access to forecast on 6 spill spots in GIS environment

> Surface slick thickness model VOILS – unstrutured grid, ELM model, with
advection, evaporation, scattering at the surface, emulsification, dispersion 
and dissolution, and shoreline retention and reposition

Oil forecast: predefined spots



Aveiro Lagoon
Shoreline Retention

2 km < resolution < 2 m



Oil forecast: spills on-demand

• Support to emergency
actions

• Personnel training

• Fast results (on screen
in 2 minutes)
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Oil spill particle model 

implemented in SELFE and 

developed by Dr. Yun Jung 

at CMOP



Risk management portal
• 3456 scenarios (spill location, tidal phase, more probable

meteocean scenarios)
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Risk management
portal

• hazard maps, 
provided by high-
resolution simulations 
based on a multi-
scenario approach

• georeferenced
vulnerability 
information, organized 
along physical, 
ecological and 
socioeconomic views



Summary and future directions
VOILS 

• 2D/3D oil spill model with the major oil weathering processes implemented.

• Oil weathering formulations validated with laboratory experiments.

• The model is well-suited for coastal and estuarine applications due to the use of unstructured grids.

Future developments:

• Paralelization of 2D surface transport model and integration/coupling with SELFE.

• Implementation of the Deep-Spills formulations.

A new WebGIS observatory platform is presented, tailored for risk assessment and emergency preparation and 
response in coastal areas. The tool combines:

• A sophisticated forecast modeling system for multi-scale analysis of water bodies, including waves, 
hydrodynamics and oil spills prediction,

• A detailed support for risk analysis based on extended scenario database and detailed vulnerability maps

• Tailor-made visualization and analysis products are proposed, conceptualized in a service-oriented framework 

• Portability to mobile platforms will be improved in particular for GIS products

• Integration of better “building blocks” (models, sensors, reliability tools) should be continuously promoted
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