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LONG-TERM GOALS 

To improve the understanding of buoyancy driven coastal flows derived from large river systems.
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OBJECTIVES
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To characterize the seasonal variations of the Rio de la Plata plume and the Subtropical Shelf Front (STSF) and their impact on the circulation and on the chemical and biological processes of the Eastern South American continental shelf between 40o and 25oS. We wish to determine the relative importance of the main forcing factors on the distribution of the low salinity waters derived from the Plata and Patos-Mirim Lagoon System (Fig. 1).

APPROACH

Two surveys were planned, one in Austral winter and one in summer. The first was successfully carried out from Aug 20 to September 2, 2003. The second is scheduled for starting in early February 2004. Each of these surveys was designed as a combination of airborne salinity measurements and in situ three-dimensional determination of physical, biological and chemical water mass properties. The data being collected constitute the first quasi-synoptic and multidisciplinary set of observations of the low salinity plume, of the STSF, and of the background water masses in the South-eastern South American continental shelf. Satellite remote sensing of sea surface temperature and color, and numerical modeling will complement the above surveys.
WORK COMPLETED 

1. Analysis of historical data
The historical hydrographic data set in the Río de la Plata and neighboring continental shelf has been compiled, including temperature, salinity, and dissolved oxygen.  Quality control of these data has also been completed.  We have also compiled surface wind stress data based on the surface momentum fluxes from the National Center for Environmental Prediction (NCEP) reanalysis project for the period 1949-2002 (Kalnay et al., 1996; Kistler et al., 2001).  Similarly, climatological winds from the European Center for Medium Range Weather Forecasting (ECMWF, Trenberth et al., 1990) were obtained and analyzed.  We are also compiling and analyzing wind data from several coastal stations from Argentina, Uruguay and southern Brazil.  Finally we have also obtained river runoff data for the Plata for the period 1904-2002 and are close to completing the river runoff database for the Patos/Mirim Lagoon systems. Part of these analyses were published in Piola et al. (2000), which reported the discovery of a subsurface subtropical front on the southeastern South American continental shelf (Fig. 2).
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Mar del Plata 38706
Punta Médanos 36° 05"
Rio de la Plata 35054
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2. Preparation of the Uruguayan Air Force aircraft

The aircraft selected for the airborne survey was a C-212 CASA Aviocar, of the Uruguayan Air force.  The engineering work to install the  Salinity Temperature and Roughness Remote Sensor (STARRS) antenna in the aft ramp door of the aircraft was completed in July 2003, when a round of test flights were successfully conducted. This was a delicate and complex work, which included the redesign of the airplane aft ramp door, in such a way to accommodate the remote sensing device without interfering in the normal aircraft operation. Figure 3 shows some stages and details of this aircraft preparation work.
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3. The oceanographic cruises onboard the Brazilian Navy RV Antares
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Rio de   La  Plata  

A most relevant aspect of this project is that the fieldwork is being conducted on the continental shelf of three neighboring countries. For that reason, official permission must be requested in each country. For easing up the process, preliminary contacts were made with the Navy in each country, with a more extensive explanation of the project’s purposes. During our visit to the Directorate of Hydrography and Navigation of the Brazilian Navy we learned that they were planning two hydrographic cruises in the region and an offer was made for our participation in those cruises. We accepted and suggested a few modifications in their cruise plans, which where accepted with the condition that we provided some equipment, scientific personnel and logistical support. The two cruises were carried out on board the Brazilian Navy RV Antares, the first in Aug-Sep/2002 and the second in Feb-Apr/2003. As partners, we had the opportunity of sending graduate students and young scientists, most of them from Argentina and Brazil, for participating in the two cruises (Fig. 4).  Presently  we are in the process of analyzing the collected CTD data.   

4. The Preparatory Workshop

In early 2003 we started to realized the vast complexity of the bureaucratic process of getting permission for both oceanographic and airborne surveys on jurisdictional waters of the three South American countries involved. In order to discuss the best ways to conduct the process, and also to optimize the coordination among the different institutions involved, a workshop was carried out in the Brazilian Navy Directorate of Hydrography and Navigation (DHN), in Niteroi, Rio de Janeiro, on days 15-16 of May 2003.   At the end of the two-days meeting a series of points were agreed, the most relevant of them described in the sequence.

· Dissemination of the results:

The raw data will be freely exchanged among the participating institutions. Scientific publication and/or any other form of dissemination of these results must acknowledge all the participant institutions.

· Definition of the research vessels to be used

The Argentinean Navy ship “Puerto Deseado” (SHN/ARA) and the Brazilian R/V Antares (DHN/MB) were chosen for the oceanographic campaigns scheduled for August 2003 and January 2004, respectively. 

· Legal and Diplomatic issues

The realization of this project is conditioned to the authorization of scientific investigation in air space and territorial coastal waters of the three South American countries. Therefore, a few steps should be taken, in each country, to fulfill all the paperwork requirements. The responsibilities for each country are listed below.

Argentina: 

· Paperwork for the aerial survey – the Argentinean Hydrographic Naval Office (SHN) should start the paperwork based upon the Argentinean territorial coastal waters legislation for the authorization of scientific investigation into Argentinean waters;  

· With respect to the Puerto Deseado (SHN/ARA) operating in Uruguayan and Brazilian territorial waters, the clearance process should be started by the SHN. This clearance form should mention that the Brazilian Navy ship R/V Antares will proceed in the same way sending its paperwork to the Argentinean and Uruguayan Governments. In doing so, the Argentinean, Brazilian, and Uruguayan Governments will be aware that the three countries involved in the LAPLATA Project are working together and in agreement.   

Brazil:

· IOUSP/DHN will send all the paperwork for the oceanographic campaign to International Relation Bureau to get the Argentinean and Uruguayan clearance.

· IOUSP will take care of all financial matters, with the funds provided by ONRIFO and by the IAI;

Uruguay:

· Uruguay would start the paperwork for the aerial survey over Argentinean and Brazilian territorial waters and adjacent continental areas. 

· Additional information to facilitate and to speed up the Uruguayan bureaucracy to get the clearance for the Argentinean and Brazilian ships. 

· Logistics

It was agreed that for each cruise (Winter and Summer), a tentative number of fifteen (11) transects would be done within the area of study. Based on that, costs were estimated as follows:  

Puerto Deseado (SHN/ARA):

· Eleven (11) transects starting from the southernmost transect during the austral winter/2003 campaign. 

· Total number of days at sea: 18 (eighteen days).

· Average cost per day during the oceanographic campaign, including Argentinean counterpart in the net cost per day: US$3,000.00 (three thousand dollars).

· Total cost for the 18-day oceanographic campaign: US$54,000.00 (fifty-four thousand dollars). 

· List of Brazilian ports for ship docking will be defined later, although they can be: Santos (São Paulo), Itajaí (Santa Catarina), and/or Rio de Janeiro (Rio de Janeiro).

R/V Antares (DHN-MB):

· Eleven (11) transects starting close to Itajaí, Santa Catarina, and ending close to Mar del Plata, Argentina, during the austral summer/2004 campaign. 

· Total number of days at sea: 23 (twenty-three) days.

· Average cost per day during the oceanographic campaign: US$4,000.00 (four thousand dollars).

· Total cost for the 23-day oceanographic campaign: US$92,000.00 (ninety-two thousand dollars). 

· List of Brazilian ports for ship docking will be defined later, although they can be: Itajaí (Santa Catarina), Rio Grande (Rio Grande do Sul), Mar del Plata or Buenos Aires (Argentina), and/or Montevideo (Uruguay).

Flight time estimation 

· Around 30 survey lines will be done during the austral winter/2003 and austral summer/2004 research campaigns between Mar del Plata (Argentina) and Rio de Janeiro (Rio de Janeiro).

· Total flight time: 220 hrs.

· Cost of 1-hr flight: US$650.00 (six hundred and fifty dollars).

· Total flight cost: US$143,000.00 (one hundred and forty-three thousand dollars).

· Transit airports will be defined later. Any airport between Bahia Blanca (Argentina) and Rio de Janeiro (Rio de Janeiro) capable of providing logistic support for a C-212 aircraft can be used.

Expenses with ship docking and airport stop-over:

The participant institutions, together and in accordance with their respective Naval authorities, will be in charge of providing all the vital information to facilitate the dock clearance process, costs and/or any extra fees that should be paid to the local port authorities when the ship docks.  The same should be done to ensure the aircraft operation. Based on this premise, additional costs were estimated for the airborne survey, such as: Aircraft parking fee; Taking off authorization and navigation control (GPU); Landing fee; Extra expenses while on land/airport.

5) The 2003 Austral Winter Oceanographic Campaign 

As planned, the winter cruise was carried out on board the Argentine research vessel ARA PUERTO DESEADO. The vessel departed Mar del Plata, Argentina, 20 August 2003 at 12:15 local time (GMT+3) and docked in Itajaí (Brazil) at 08:45 local time (GMT+3) 2 September 2003. The scientific team onboard was lead by Alberto Piola, from the Servício de Hidrografia Naval (SHN), Argentina, and was composed by participants from Argentina, Brazil and Uruguay.

The original cruise design consisted of 15 cross-shelf sections from Mar del Plata (~38°S), Argentina, to Santos (~23°S), Brazil. Together with the oceanographic cruise a CASA 212 Aviocar of the Fuerza Aérea Uruguaya carried out an airborne salinity-measuring mission. The airborne survey activities will be described in the next session.
During this cruise, eleven cross-shelf sections were occupied, spanning from the near coastal region (~10 nautical miles from the coast) to the western boundary currents offshore, at depths greater than 1000 m. Each section is referred to according to nearby coastal locations, as shown in Table 1 and Figure 1. The sections were designed to cover the area of influence of the Río de la Plata and the Patos/Mirim Lagoons over the shelf and its northward extension, characteristic of Austral winter. Each section included a series of closely spaced conductivity-temperature-depth (CTD) stations with water samples at selected levels. A total of 83 CTD casts were taken (Figure 1, Table 2). The CTD was a Sea Bird Electronics 911 Plus fitted with fluorescence and turbidity sensors. Water samples were collected with a General Oceanics 1015-12, 5 liter Niskin bottles. Salinity and dissolved oxygen were determined on board. Selected water samples were filtered and frozen at –20°C for nutrient determination on land. Chlorophyll samples were collected for determination on land. On sections 2, 3, 4 and 7 unfiltered surface samples were also collected for comparison of total and dissolved silicate. Surface radiometric measurements were carried out at selected stations using a Satlantic Tethered Spectral Radiometer Buoy (see Figure 1 and Table 2). Vertical plankton net tows were carried out at stations closest to the 50, 100 and 200 m isobaths. Tows were carried out with 300 ìm and 140 ìm nets. At the Albardão section, above and below the pycnocline, horizontal tows were carried out using a 60-cm Motoda net. In 64 stations located in the 10 to 250 m depth range, surface sediment samples were collected for benthic foraminifera studies. These samples will be analyzed in the laboratory. Throughout the cruise, underway quasi-continuous surface temperature and salinity were recorded using a Sea Bird Electronics Secat 21 thermosalinograph.
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6. The Winter Airborne Survey

The airborne survey was one of the main components planned for LaPlata project, funded by the ONRIFO (U.S. Office of Naval Research International Field Office), through the Naval International Cooperative Opportunities in Science and Technbology Program, the IAI (Inter-American Institute for Global Change Research) and Uruguayan local funding. The survey was carried out on a CASA 212 Aviocar of the Fuerza Aérea Uruguaya (C-212 FAU 532), selected because its excellent flight characteristics. The mission consisted of a series of flights covering the study area from Mar del Plata, Argentina, to Itajai, Brazil, using new airborne equipment for salinity measurement and mapping (Salinity, Temperature, and Roughness Remote Scanner - STARRS), provided by the US Naval Research Laboratory (Stennis Space Center). The STARRS equipment was fitted to to the aircraft, and flight-tested in July, 2003, using a modified rear ramp. The autonomy of the aircraft was extended using two additional fuel tanks. 

According to the main goal of the project, that, the airborne survey was designed in order to cover the study area using the capabilities of the STARRS instruments to map the salinity and temperature field. The activities were planned in the framework of the South Atlantic Climate Change Consortium (SACC). More information can be obtained from the SACC website (http://glaucus.fcien.edu.uy/pcmya/sacc). 

We acknowledge the personnel and institutions that have provided support for the activities and to facilitate the clearance process over Argentinean and Brazilian air space. Particularly, the Servicio de Oceanografía, Hidrografía, y Meteorología de la Armada Uruguaya, the Compañía Industrial Montepaz S.A., and Aluminios del Uruguay. The aerial survey was the first of this type made over waters of three countries, so a large amount of cooperation and coordination was needed in order to accomplish the complex objectives defined by the project. 

Surveys 

Two kinds of surveys were planned: 

a. "large" surveys, intended to cover the positions of the oceanographic stations covered by the ARA Puerto Deseado. Flight altitude was normally 3000 - 4000 feet. The corresponding transects were named LEG1, LEG2 and LEG3.
b. "small" surveys, two located in the Río de la Plata (Plata Mouth and Plata Front), and a third at the mouth of the Patos Lagoon in Brazil (Patos Outflow). These flights were made at 8000 feet. The data obtained allows the construction of a salinity map, with less space between consecutive track lines.
After considering the autonomy, weather conditions and flight permissions, the initial plans were slightly modified. The surveys were made at night, in order to avoid the interference from sun glint (Table 4). The survey begun on August 20, at 20:50 (local time), from the Airport of Mar del Plata, the same day the ship cruise was initiated. A very acceptable synchronicity was obtained between ship and aircraft data, allowing the comparisons between the two observational approaches. The survey ended at Montevideo on September 5 at 18:35 (local time), totaling more than 45 hours of survey, and more than 7200 nautical miles of navigation. Because the weather conditions at the end of the survey, the planned return transect from Itajai to Montevideo over the shelf waters was modified to a direct return over land. However, the data obtained was largely sufficient for the project purposes. These data is actually being processed, improving the salinity and temperature calibrations. 
    

Table 4. Flight summary

	 
	FROM:
	DATE
	HOUR 
(LOCAL)
	ARRIVAL:
	DATE
	HOUR 
(LOCAL)
	ALTITUDE FT. (APPROX.)
	FLIGHT 
HOUS

	 
	SUMU
	19-Aug.
	16:43
	SAZM
	19-Aug.
	18:17
	F080
	1:26

	LEG 1
	SAZM
	20-Aug.
	20:50
	SUMU
	21-Aug
	3:00
	F040
	6:10

	Plata Mouth
	SUMU
	24-Aug.
	20:12
	SUMU
	25-Aug.
	1:52
	F080
	5:40

	Plata Front
	SUMU
	30-Aug.
	20:00
	SUMU
	31-Aug.
	3:00
	F080
	7:00

	LEG 2
	SUMU
	31-Aug.
	19:45
	SBFL
	1-Sept.
	3:15
	F030
	7:30

	Patos Outflow
	SBFL
	1-Sept.
	20:25
	SBPA
	2-Sept.
	3:45
	F080
	7:20

	LEG 3
	SBPA
	2-Sept.
	19:29
	SBFL
	3-Sept.
	1:03
	F040
	5:32

	Return
	SBFL
	5-Sept.
	14:05
	SUMU
	5-Sept.
	18:35
	F080
	4:30



  

Table 5. Scientific personnel during the flights.

	Name
	Institution
	Task
	e-mail

	Derek Burrage
	NRL, USA
	STARRS
	burrage@nrlssc.navy.mil

	Carlos M. Martinez
	UR, Uruguay
	Chief Scientist, Co-PI
	carmar@glaucus.fcien.edu.uy

	Tabaré Pérez
	CITMPSA, Uruguay
	STARRS
	tabare@montepaz.com.uy

	Joel Wesson
	NRL, USA
	STARRS
	wesson@nrlssc.navy.mil


Table 6. Uruguayan Air Force crew (Fuerza Aérea Uruguaya, FAU, Escuadron de Transporte No3).

	Name
	Task
	Transects

	Pablo Esteban
	Pilot
	19 Aug and LEG1

	Sergio Calistro
	Co-pilot
	19 Aug and LEG1

	Alejandro Metre
	Co-pilot
	19 Aug, LEG1 and Plata Front

	Luis de León
	Pilot
	Plata Front

	Walter Malgor
	Pilot
	Plata Mouth, LEG2, Patos Outflow, LEG3 and Return

	Pablo Odela
	Co-pilot
	Plata Mouth and Plata Front

	Ricardo Zecca
	Co-pilot
	Plata Mouth, LEG2, Patos Outflow, LEG3 and Return

	Martín Campoamor
	Co-pilot
	Plata Mouth, LEG2, Patos Outflow, LEG3 and Return

	Fernando La Paz
	Navigator
	All transects

	Leonardo Guichón
	Flight mechanician
	All transects


PERSONNEL EXCHANGES AND TRAVEL COMPLETED 

Table 7. Summary of personnel exchanges and travel conducted under this NICOP.

	Name
	Home Institution
	Institution / Location Visited
	Scientific / Technical Purpose of visit
	Dates (mm/dd/yy)

	Edmo Campos Carlos Martinez Jerry Miller 

Alberto Piola Joel Wesson


	IOUSP – Brazil

U. Rep – Uruguay

NRL – USA

SHN – Argentina

NRL – USA
	Brigada de Mantenimiento y Abastecimiento, Fuerza Aérea Uruguaya, Montevideo, Uruguay
	Coordinate flight plans with Uruguayan Air Force personnel, inspect aircraft and propose modifications to be performed for installation of STARRS equipment on board
	04/08/02

	Edmo Campos

Osmar Moller
	IOUSP – Brazil

FURG - Brazil
	Brazilian Navy Directorate of Hydrography  and Navigation (DHN), Rio de Janeiro, Brazil
	Discussion of the final details of the first DHN cruise, carried out in Aug-Sep/2002
	06/20/02

	Edmo Campos

Carlos Martinez

Osmar Moller

Alberto Piola


	IOUSP – Brazil

U.Rep. – Uruguay

FURG – Brazil

SHN – Argentina


	Diretoria de Hidro-

grafia e Navegação of the Brazilian Navy – Niteroi, RJ, Brazil
	Workshop to discuss scientific and logistical aspectos of the first survey.
	05/17-18/03

	Joel Wesson

Derek Burrage
	NRL – SSC

NRS - SSC
	Brigada de Mantenimiento y Abastecimiento, Fuerza Aérea Uruguaya, Montevideo, Uruguay
	Testing of the adapted airplane
	July/2003

	Joel Wesson

Derek Burrage
	NRL – SSC

NRS - SSC
	U. Republica, Uruguay.
	Conduction of the Aereal Survey
	August and

September 2003

	Osmar Moller

Jose Muelbert

Elisabete Braga

Graduate stud.
	FURG

FURG

IOUSP

IOUSP/FURG
	SHN/Argentina
	Participation of the 

First Cruise
	08/20/2003

	Edmo Campos
	IOUSP
	SHN/Argentina
	Start Up of the actions for the second Survey (Feb/2004)
	10/15-16/03


RESULTS 

Presently the data collected during the Austral Winter Campaign, together with the two cruises carried out by the Brazilian navy are being analyzed. The preliminary results confirm the analysis of the wind and river outflow data, which reveals a strong dependence of the thermohaline structure over the shelf on the along-shore wind stress component.  The large seasonal fluctuations of the extension of Plata derived low salinity water (Piola et al., 2000) can now be explained by the inversion of the along shore wind stress.  In the region of high seasonal sea surface salinity (SSS) variations  a strong relation between SSS and wind stress is observed.  The historical data also allowed us to understand why during El Niño events, when the Plata outflow has doubled (eg Depetris et al., 1996), the plume does not extend further north as predicted by theory and models (eg Kourafolou et al., 1996; Pimenta, 2001; Simionato et al., 2001).  

IMPACT/APPLICATIONS 

Most of the work conducted was the preparation and conduction of the first fieldwork: aircraft engineering for STARRS’ installation, the coordination and conduction of the in situ survey.  Close cooperation between agencies in Argentina, Brazil and Uruguay has been accomplished through this NICOP project and related projects.

TRANSITIONS 

The use of STARRS in this NICOP program is part of a recently started NRL program, Salinity Driven Advection in the Deep Littoral (SALIDA).  Characterization of such buoyancy driven flows should aid NRL in efforts to predict currents and density structures in dynamically similar areas.  STARRS is a new, leading-edge instrument. Operation of STARRS on a new aircraft deployment will increase NRL’s ability to deploy it in a variety of locations. We also expect to gain knowledge of how best to operate STARRS with the experience provided by these upcoming missions.  This knowledge will aid in further surveys using STARRS in the Gulf of Mexico (Mississippi River outflow) and US Pacific Northwest (Columbia River outflow).

RELATED PROJECTS 

The PIs of this NICOP project are also PIs of the South Atlantic Climate Change (SACC) Project (http://glaucus.fcien.edu.uy/pcmya/sacc/), funded by the Inter-American Institute for Global Change Research.  The general goal of this project is to advance our understanding on the role of the western South Atlantic in the regional climate.  A substantial part of the current knowledge of the transition region between subantarctic and subtropical shelf waters over the shelf is derived in part from this project (eg. Campos et al., 1999; Piola et al., 2000; Zavialov et al., 2002).  The hydrographic survey of the Plata discharge study is also a component of the SACC project.

This NICOP project is related also closely related to the physical component of UNDP/GEF project RLA/ 99 / G31 entitled “Protección Ambiental del Río de la Plata y su Frente Marítimo: Prevención y Control de la Contaminación y Restauración de Hábitats” (www.freplata.org).  This component includes several numerical modeling efforts (see Simionato et al., 2001), has completed an hydrographic survey, and plans eulerian and lagrangian current measurements within the Río de la Plata.  The project also includes an in-depth hydrological study of the Plata.  Martinez and Piola were involved in the experimental design and are actively participating in this project. 

The project entitled “Numerical simulation of the argentine continental shelf and interaction with the Brazil and Malvinas Currents” is based on a high-resolution version of the Princeton Ocean Model for the western South Atlantic between 20 and 55°S.  Barotropic runs including tides and winds have been completed (Palma et al., 2002).  Baroclinic runs including sea-air fluxes and continental runoff are being analyzed.  The model produces realistic flow fields and vertical structures in the region of Rio de la Plata.  Piola is a co-PI of this project and a strong and mutually beneficial interaction with our NICOP project is expected.
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Figure 2: Alongshore cross-sections of temperature, salinity and density showing the presence of the Subtropical Front. (Piola et al., 2000).





�


Figure 5: Winter cruise station map. Section names are indicated. The blue, red and green lines are the 50, 100 and 200 m isobaths respectively. The 1000 and 2000
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Figure 4: A group of Argentinean scientists and students participating in one leg of the cruise on board the Brazilian Navy R/V Antares (seen in the background), in February 2003.
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Figure 1 – Seawifs image of the study area showing the Rio de la Plata and the Patos-Mirim Lagoon Complex.
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Figure 3. Photographs showing the Uruguayan Air Force aircraft and some details of the STARRS Antenna installation process.
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* Dr. Wesson has replaced Dr. Miller upon his departure from NRL





