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LONG-TERM GOALS

To understand the processes that affect the dynamics on the western shelf of the Gulf of Mexico in such a way that allows the improvement of the nowcast and forecast in different time and spatial scales.

To understand the mechanisms that determines the evolution of the Loop Current and the generation of eddies from this current. 

OBJECTIVES

1) Attend the American Geophysical Union (AGU) Ocean Sciences Meeting 2004 at Portland, OR, on January 26-30, 2004.

2) To disseminate recent results on the dynamics of the western shelf of the Gulf of Mexico and current studies on the dynamics of the Loop Current.

3) To promote collaboration between the US Naval Research Laboratory (NRL) and the Mexican ocean modelers from the Universidad Nacional Autonoma de Mexico (UNAM), and identify areas of future collaboration doing studies in physics of the ocean with particular interest in the Navy ocean models.

ACTIVITIES

The 12th Ocean Sciences Meeting was held in Portland, Oregon, January 26-30, 2004. It was sponsored by AGU, Canadian Meteorological and Oceanographic Society, Marine Technology Society, Acoustical Society of America, Union Geofisica Mexicana, International Association for the Physical Sciences of the Oceans, American Fisheries Society, and American Meteorological Society.

The principal themes of the meeting were Observing Systems and Technology, Paleoclimatology and Paleoceanography, Coastal Ocean Processes, Ecosystem Modeling, Ocean Physics, Climate Influences, and Education. I participated within the Coastal Ocean Processes theme in the Gulf of Mexico Processes sessions. My participation consisted of the following presentations:

1) Seasonal circulation on the western shelf of the Gulf of Mexico. Zavala-Hidalgo, J., S. L. Morey, and J.J. O’Brien. Poster presentation.
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The seasonal circulation on the western shelf of the Gulf of Mexico is studied using the Navy Coastal Ocean Model (NCOM), historical hydrographic data, sea level data, and satellite images. Three regions are distinguished, the Tamaulipas-Veracruz (TAVE) shelf, the Louisiana-Texas (LATEX) shelf, and the western Campeche Bank. On the TAVE shelf there is a swift reversal of the along‑shelf current, downcoast from September to March and upcoast from May to August when there is upwelling due to offshore Ekman transport. Circulation on the western Campeche Bank is upcoast throughout the year. The LATEX shelf has a cyclonic circulation, except during summer months when the flow is eastward. During spring-summer the upcoast current on the TAVE shelf reaches the southern Texas shelf where it encounters a downcoast coastal current favoring offshore transports. In the fall-winter, the downcoast current reaches the southern Bay of Campeche where it meets an opposing along-shelf current, generating seasonal offshore transports. During fall and winter, cool low salinity water from the Mississippi and Atchafalaya Rivers is advected westward along the LATEX shelf onto the TAVE shelf, developing along-shelf fronts and temperature inversions commonly observed over the outer shelf and shelf break. The main forcing over the western shelf of the Gulf is the along‑coast wind stress component. The existence of the cross‑shelf transports in the confluence regions is supported by chlorophyll‑a data. Up to 80% of the seasonal sea level variability is explained by the along shelf currents and the low frequency variability of the atmospheric sea level pressure.

Figure 1. Mean surface velocity and sea surface salinity. Left: Apr 15 – Jul 31. Right: Sep 1 – Mar 31.

2) On the interaction of cyclonic eddies with the Loop Current evolution. Zavala-Hidalgo, J., L. Zamudio, S. L. Morey, and J. J. O’Brien. Oral presentation given by myself.

The interaction of cyclonic eddies with the Loop Current (LC) evolution is studied using the Navy Coastal Ocean Model, the Navy Layer Ocean Model, Topex/Poseidon altimetry, and AVHRR images. It is shown that the longest period registered between eddy shedding, from February 1998 to August 1999, is associated with the presence of a large cyclone that remains north of the LC during several months. Using numerical simulations, it is shown that large cyclones develop sporadically in the region and that they block the northward penetration of the LC. The LC leaks mass, momentum, and energy to a relatively large cyclone and to a jet and small anticyclones moving along the slope of the West Florida Shelf, east of the cyclone. The process causes an enlargement of the period between eddy shedding. 
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Figure 2. Sea surface height and particles initially seeded at the Yucatan Channel Sea in the upper layer (5m thickness) of the Navy Coastal Ocean Model. From the trajectory of the particles the leaking of mass is clear over the West Florida Shelf slope and the formation of a small anticyclone. Also, the formation of a small cyclonic frontal eddy leaks mass from the LC that eventually goes into the large cyclone.

3) Mesoscale eddy sensitivity to vertical resolution in a numerical model. Morey, S. L., J. Zavala-Hidalgo, and J. J. O’Brien. Oral presentation given by a colleague.

This study addresses the impacts of vertical resolution on the eddy behavior in a numerical ocean model of the Gulf of Mexico. The high horizontal resolution simulations are capable of resolving the mesoscale structure of the ocean and permitting realistic bottom topographic variations, so now the focus shifts to the role vertical resolution may play in simulating mesoscale features and their interaction with bottom topography. Numerical simulations of the Gulf of Mexico using the Navy Coastal Ocean Model are used to examine the life cycle of Loop Current system including its shed eddies. A simulation is run with 41 vertical levels on the hybrid sigma/z-level coordinate system (20 sigma layers above 100 m and 21 z-levels below 100 m). A twin experiment is then run doubling the number of z-levels. The structure and life cycle of the Loop Current Eddies are significantly altered by the increased vertical resolution, dramatically affecting the upper ocean solution, and agree more closely to observations. The impacts of vertical resolution on the interaction of the anticyclonic Loop Current Eddies with bottom topography, eddy decay, and the eddy separation process are discussed. 


RESULTS

The presentations were successful, getting a good feedback from several scientists. I met with NRL colleagues to discuss the continuation on doing research using the Navy models and their outputs, in particular in studies on the Gulf of Mexico and the Caribbean Sea. NRL scientists currently have a nested simulation using the Navy Coastal Ocean Model (NCOM) for this region, which has a great potential to study processes with very high spatial and temporal resolution. I am interested in this region, in particular on the responses of the shelf currents to strong events as cold fronts and hurricanes, and the dynamics of the Loop Current and eddies and their interaction with tropical storms and hurricanes. From the talks that I had in this meeting it seems that there are strong possibilities of continuing this collaboration. 

This work is part of a proposed collaboration between Mexico and U.S.A (Gulf of Mexico Partnership), which involves EPA, NOAA, NRL, the University of Miami, Florida State University, the University of Texas, and the University of South Florida. The point of contact for this work is Dr. Sonia C. Gallegos of NRL – Oceanography Division.

Future collaboration was discussed with the NRL group that is currently running the IAI simulation (lead by Ruth Preller), in particular the interest of using the regional IAS NCOM simulation to nesting into higher resolution models of the Mexican shelves of the Gulf of Mexico.

Collaboration in a project using the NCOM simulation to study the red tide in the western Gulf of Mexico has been extensively discussed with Sonia Gallegos.

