


Characteristics: 

Development of a regional earth 
system model 

Use to: 

Investigate the effects of petroleum 
hydrocarbons on: 
 exchange processes between ocean, 

atmosphere, and sediments;   

 biogeochemical processes,  

 the transport of organisms 

Conduct hindcasts from  
2003 to present 

Provide estimates and  
predictions of discharged 

     oil’s fate & measures of  
     confidence 

Web-based interface 

 

 



Members: R. Arnone (NRL), M. Bourassa (FSU), E. Chassignet (FSU), S. deRada (NRL), D. 
Dukhovskoy (FSU), P. Hogan (NRL), L. Hole (NMI), M. Iskandarani (RSMAS), V, Kourafalou 
(RSMAS), S. Morey (FSU), A. Srinivasan (RSMAS), W. Sturges (FSU), P. Velissariou (FSU), C. 
Wettre (NMI), R. Weisberg (USF). 
 

Prediction of the fate of oils not only requires detailed knowledge of the Gulf of Mexico 
3D circulation (basin-wide and shelf/coastal processes), but also knowledge of the surface 
winds, waves, sediments, and biogeochemistry => integration of those modules in a Earth 
System  Model in order to facilitate retrospective studies, forecasting, and scientific 
investigations.  
 
 
 
 
 
 
 
 
 
 
 
 



Coupled ocean-atmosphere-wave component  
• Proposed to be based on the U.S. Navy’s Coupled Ocean–Atmosphere Mesoscale 

Prediction System (COAMPS) configured for the Gulf of Mexico by the Naval Research 
Laboratory at the Stennis Space Center. NCOM is the current ocean model.  

•Will allow us to address the coupled impacts of frontal passages as well as of extreme 
events such as hurricanes, droughts, and floods that are influenced by atmospheric 
conditions.  

•Will allow us to develop a strong understanding of the impact of riverine influence on 
primary production and sedimentology.  

 
Wave component – Proposed to be based on WaveWatch III, already in COAMPS. 
• To parameterize the wave-current interactions in the water column 
• To improve the parameterization of the surface and bottom shear stresses  
•To improve the model predictions for the transported scalars (sediments, oil, etc).  
 



Sediment component — To be based on the Community Sediment Transport Modeling 
System (CSTMS); two-way coupled with the ocean-atmosphere-wave module via the 
water/mixture density field and the bottom shear stresses.  
 
Biogeochemical component — To be based on the multi-component COSINE (CarbOn 
SIllicate Nitrogen Ecosystem) of F. Chai. The model will be modified to include additional 
constituents of interest such as methane and heavy metals.  
 
Oil modeling component — A state-of-the art 3D oil spreading and weathering model will 
be used to estimate the fate of the discharged oil. To be based on a synthesis of the works 
of Lehr et al. (2002), Tkalich et al. (2003), Zheng and Yapa (2000), Zheng et al. (2002), and 
the operational oil spill model used by the Norwegian Meteorological Office. In this 
model, oil is represented as a cloud of droplets (particles) whose trajectory and 
composition is calculated based on time and space varying, meteorological, 
oceanographic and other pertinent environmental conditions derived from the 
measurements and the Earth System Model. Oil droplets are modeled as a composite of 
several fractions with different chemical properties, and each particle carries a set of 
properties including position, mass, volume, density, chemical properties etc. which can 
vary with both time and space  



 
Physical Spreading Processes  
in the Weathering model 

 
 3D currents  
 Evaporation 
 Wave induced Stokes drift 
 Emulsification 
 Turbulent mixing in the water column 
 Biodegradation 
 Vertical motion due to buoyancy differences 
 Sedimentation 
 Horizontal gravity induced radial spreading at the surface 
 Beaching 
 Wave induced dispersion from the surface into the water column 
 



Deliverables — The Earth System will be used: 
To conduct hindcasts from 2003 up to the present with oil and/or dispersants 

to examine the impact on the environment and identify probable areas of 
impact, including impact areas not yet discovered.   
To provide initial and boundary conditions for higher-resolution smaller-scale 

nested models that can be applied to focused regions (i.e. De Soto Canyon) 
using either 

•A fully coupled Earth System Model (GoM and regional) 
•The Finite Volume Coastal Ocean Model (FVCOM), an unstructured grid 

modeling system, which operates at finer scales and can be nested within 
either the coupled system or into more focused regional nests. The 
horizontal resolution can be large along the open boundary (2 to 4 km) and 
reduced to 100 m within the estuaries, bays, or reefs. 

Interpretation of process studies of the physical and biogeochemical systems.  
Produce estimates of the discharged oil’s fate and measures of confidence in 

these estimates. 



Short term 
Evaluation of COAMPS Gulf of Mexico years 2010-2011 (3 km ocean, 6 km 

atmosphere) 
Make improvements (vertical resolution, boundary conditions, rivers) 
Add COSINE Ecosystem (Chai et al.) and various optical schemes (Fujii et al.; 

Lee et al.; Penta et al.) 
Perform hindcasts 2010 to present + forecasts 
Provide outputs on server 
 
Longer term 
Add suspended sediments (CSTMS) 
Add oil spill model 
Perform hindcasts 2003 to present 
Increase horizontal resolution  
Add HYCOM as an ocean component 

 
 



Short term 
Evaluation of NCOM and HYCOM 
Make improvements (vertical resolution, boundary conditions, rivers) 
Evaluate the impacts of various atmospheric forcings 
Work with the PO group to identify process studies 
 
Longer term 
Select one model  
Increase resolution 
Add waves 
Add COSINE Ecosystem (Chai et al.) and various optical schemes (Fujii et al.; 

Lee et al.; Penta et al.) 
Add suspended sediments (CSTMS) 
Add oil spill model 
Atmospheric coupling 

 
 



Based on FVCOM 
Domain extension to fully include De 

Soto canyon from current USF 
configuration 
Nested in HYCOM and Earth System 

Model  
… 

 
 



To be based on a synthesis of the works of Lehr et al. (2002), Tkalich et al. 
(2003), Zheng and Yapa (2000), Zheng et al. (2002), and the operational oil spill 
model used by the Norwegian Meteorological Office.  
Development of a community model that can use most 3-D ocean fields 
Web interface 
Oil weathering to refined in collaboration with the geochemistry group 
Possible validation using floats 

 
 
 
 


