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1. Abstract

Variations in the Atlantic Meridional Overturning Circulation (AMOC) have been shown to have
connections to changes in precipitation and air temperatures over large segments of the northern
hemisphere. The US interagency Ocean Research Priorities Plan has designated study of the
MOC as a key near-term priority, and the US AMOC implementation panel has identified
improving the observations of the AMOC in the South Atlantic as one of the critical needs to
better understand AMOC variability. The NOAA South Atlantic Meridional Overturning
Circulation (“SAM’) program began in 2008 as a first step at beginning to measure key AMOC
flows near the western boundary of the ocean in the South Atlantic. The program is a
collaboration between the US, Argentina and Brazil, and a related program underway through
participation of France and South Africa is making similar measurements along the eastern
boundary in the South Atlantic. This year (FY09) represented the start of the field campaign for
SAM, with moored instruments being deployed in March 2009 and with the first five months of
data being acoustically downloaded from these moorings in August 2009. The program is
planned to move into a more mature phase in FY10 including data processing and quality control
as well as twice yearly cruises on which the data will be acoustically downloaded (the first cruise
in FY09 was operated using FY08 funds due to a ship-availability issue). To date only the most
basic of data processing and quality control has been done on the data collected in August 2009
due to insufficient funding (which was always planned to increase in FY10). With proper
funding the SAM project will provide daily time series measurements of the transport of the
western boundary currents at 34.5°S, and when combined with the hydrographic observations
being collected by the Argentine and Brazilian partners it will be possible to monitor variations
in the key water masses being carried by these flows.



2. Project Summary

In the subtropical South Atlantic the meridional
overturning circulation (MOC) cell has a number of
characteristics that distinguish it from the MOC
circulation in the subtropical North Atlantic. Unlike
in the north, where the MOC consists primarily of
two western boundary components, in the South
Atlantic the MOC circulation is more widely spread
across the basin. Near 34-35°S the warm northward
flowing upper limb is carried in the basin interior ss |
(via Agulhas Rings) and along the eastern boundary
(in the Benguela Current), while the cold southward a5
limb flows in the Deep Western Boundary Current
(DWBC), which is located under the southward aes
flowing Brazil Current. This longitudinal spread is N > PIES
indicative of the role that the South Atlantic plays as  se-s &y e
both the ‘gateway’ and the ‘mixing pot’ of waters
exchanged simultaneously with the Indian and Figure 1: Locations of the moored instruments.
Pacific Oceans. Deep waters that are formed in the

northern North Atlantic must pass through the South Atlantic on their way to the Southern
Ocean, where they are spread throughout the global ocean. Warm waters returning to the
northern North Atlantic from the Indian and Pacific must pass through the South Atlantic and
mix with those waters on their way northward across the equator. The importance of monitoring
the MOC in the South Atlantic resulted in the identification of this need being one of the primary
recommendations of the US interagency AMOC implementation panel.
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Recognition of the critical role that the South Atlantic plays in the global MOC cell led in 2008
to the start of an international program titled ‘South Atlantic MOC” (or ‘SAM’) to monitor the
MOC in the South Atlantic near 35°S. Ship availability issues delayed the deployment of the
US-NOAA led western boundary region instruments from 2008 into 2009, however in March
2009 with the aid of the Brazilian Naval Hydrographic Service the US-NOAA instruments were
finally deployed. Furthermore in August 2009 the first five months of data from the moored
instruments were acoustically downloaded during a joint cruise between NOAA and the
Argentine Naval Hydrographic Service. At present the SAM program is a collaboration between
scientists from the US (NOAA-AOML), France (U. Brest), South Africa (U. Cape Town),
Argentina (SHN), and Brazil (FURG & U. Sao Paulo). The US is providing the instruments for
the western boundary, Argentina and Brazil are providing the hydrographic expertise and ship
time for the western boundary, and France is providing the instruments, hydrography for the
eastern boundary. This report details the progress made on the NOAA-AOML component of the
program, which is the monitoring of the southward flows along the western boundary near 35°S.

The SAM project is designed to parallel and complement NOAA’s well-established program
monitoring the MOC in the North Atlantic, the Western Boundary Time Series (WBTS)
program. In the WBTS program the components of the MOC are separated by the Bahamian
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island chain, with the warm upper limb flowing through the Straits of Florida where it is
monitored via cable and hydrography, and the cold lower limb flows outside the Bahamas
Islands on the continental slope where it is monitored via a combination of moored instruments
and hydrography. In the SAM area the meridional flows near the western boundary are all
located along the continental slope and they can be monitored using a single line of moored
instruments coupled with hydrographic observations. The SAM array presently consists of four
moored instruments: three inverted echo sounders equipped with pressure sensors (PIES), and
one inverted echo sounder equipped with both a pressure sensor and a single-depth acoustic
current meter (CPIES). Work in the WBTS project has demonstrated that this combination of
instruments is capable of quantifying the upper and deep layer transports. This initial SAM
deployment represents a test of the array locations and the start of a long-term monitoring
program for the MOC in the South Atlantic.

The time series observations in SAM are seen as serving three main purposes for climate
variability studies:

e Monitoring of the DWBC for water mass and transport signatures related to changes in
the strengths and formation regions of high latitude water masses in the North Atlantic
for the ultimate purpose of assessing rapid climate change.

e Serving as a western boundary endpoint of a nascent international MOC monitoring
system designed to measure the basin-wide meridional flows across the South Atlantic
Ocean near 35°S.

e Quantifying how variations in the MOC propagate meridionally between the North and
South Atlantic through comparison with the WBTS results.

The South Atlantic Meridional Overturning Circulation (SAM) project has now become one of
the newest components of the NOAA “Ocean Reference Station” system in the Atlantic Ocean.
It specifically addresses the NOAA climate goals by providing long-term, integrated, measures
of the global thermohaline (overturning) circulation. This project is designed to deliver yearly
estimates of the state of the thermohaline circulation, i.e. its intensity, properties, and heat
transport. Heat and carbon generally are released to the atmosphere in regions of the ocean far
distant from where they enter. Monitoring the transport within the ocean is a central element of
documenting the overturning circulation of fresh water, heat and carbon uptake and release.
Long-term monitoring of key locations will provide a measurement of the primary routes of
ocean heat, carbon, and fresh water transport and hence include the bulk of the Meridional
Overturning Circulation. Measurements from the SAM project will provide critical records for
use in validation and evaluation of the numerical climate models that are and will be used in the
future for informing governments and agencies on climate change and planning.

3. Scientific Accomplishments

This program began in FY08, although ship availability issues delayed the initial deployment of
the moored instruments into FY09. The PIES/CPIES were originally planned for deployment
during a September-October 2008 cruise onboard the Argentine research vessel SHN Puerto
Deseado — unfortunately before the cruise could take place the Argentine research vessel
suffered an unexpected problem and the planned cruise with that ship had to be cancelled.
Negotiations immediately started with the Brazilian collaborators and a replacement cruise was




completed in March 2009 onboard the Brazilian Navy research vessel NH Cruzeiro do Sul.
Real-time data collection from subsurface moorings is not yet technologically possible, however
a key component of the SAM project is that it is possible to collect the daily average data from
the moorings via acoustic telemetry from a nearby research vessel without needing to recover,
download, and redeploy the instruments. The program completed the first acoustic download of
the data in August 2009 aboard the Argentine research vessel SHN Puerto Deseado. The
download was very successful, particularly because this was the very first attempt at doing
acoustic downloads from this vessel, although bad weather and high seas resulted in one of the
downloads missing roughly the first month of the record. The complete record for this site,
including the missing segment, will be downloaded during the first FY10 cruise. Another critical
aspect of the SAM program is that these joint research cruises aboard the Brazilian and
Argentine research vessels are primarily funded by their home governments; NOAA covers only
the cost of the fuel for these short cruises. This aspect of the program has now been successfully
tested with each country, and it represents a very significant cost savings to NOAA versus
requiring ship time on a NOAA vessel in the South Atlantic.

Research highlights

The first time-series data from the SAM project was collected in August 2009. These data have
not been fully processed or subjected to quality control because those aspects of the program
have long been planned to begin receiving funding in FY10. However a basic initial evaluation
of the data is already indicating strong variability at a range of time scales over the first five
months of the record. The baroclinic signals, which can be visualized by reviewing the four
travel time records (Figure 2, left), demonstrate 5+ msec signals at time scales ranging from a
few days (e.g. Site C in early June) to two months (e.g. Site D in mid-June to mid-August). The
barotropic (bottom velocity) signals, determined either from the current meter on the CPIES or
via differences between the deep bottom pressure gauges, also demonstrate energetic signals at
time scales ranging from days to a few months (Figure 2, right). This suggests that the mooring
locations are certainly within the strong western boundary current regime, however significant
additional processing and quality control is still required to determine just how well the initial
array design is capturing both the Brazil Current and the DWBC. At the FY09 funding level for
the program this processing and quality control is not possible.

The raw data from these moored instruments is presently maintained at NOAA-AOML and is not
served on the GTS system (without processing and quality control this data would not be
generally useful). Without appropriate funding it will be possible to continue collecting data but
it will not be possible to process the raw data into meaningful estimates of ocean transport.
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Figure 2: Preliminary time series from the moored SAM instruments. Left: Travel time
variability (time mean removed) from the four instruments, with the instrument identified in the
legend — see Figure 1 for locations of each instrument. Right: Bottom velocity variability from
the direct current meter on the CPIES at Site B (right top) and from the geostrophic velocity
estimated between the pairs of the bottom pressure records from Site B and C (right middle) and
from Sites C and D (right bottom). Note: Brackets <> indicate that these bottom velocities have
been normalized by removing a mean and dividing by their standard deviation, and hence are
unit-less.

4. Education and Outreach

The SAM program is just in its beginning stages, so the degree of education and outreach that the
program will ultimately be able to attain has not yet been reached. However, opportunities to
train young scientists are already underway, with a Brazilian postdoctoral fellow participating in
the March 2009 deployment cruise and with five graduate students (2 Argentines and 3
Brazilians) participating in the August 2009 data download cruise. The program will continue to
provide opportunities for students and postdoctoral fellows to participate in research cruises, and
should funding opportunities become available there will be options for media involvement in
the cruises as well.
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5. Publications and Reports

5.1. Publications by Principal Investigators

As SAM is a very new program, with the first data collected in August 2009, there are not yet
many publications relating to the project. There have been, however, several related papers
published this year:

Dong, S., S. L. Garzoli, M. O. Baringer, C. S. Meinen, and G. J. Goni, "Interannual Variations in
the Atlantic Meridional Overturning Circulation and its Relationship with the Net Northward
Heat Transport in the South Atlantic”, Geophys. Res. Lett., 36(20):L20606,
d0i:10.1029/2009GL 039356, 2009.

Dong. S. Silvia L. Garzoli, and Molly Baringer, “An Assessment of the Seasonal Mixed-Layer
Salinity Budget in the Southern Ocean”, J. Phys. Oceanogr., in press, 2009.

5.2. Other Relevant Publications

Speich, S., S. L. Garzoli, A. Piola and the whole SAMOC team, “A monitoring system for the
South Atlantic as a component of the MOC”, 2009. (OceanObs’09 Conference, September
21-25, Venice, Italy.)

Meinen, C., S. Garzoli, and M. Baringer, “South Atlantic Meridional Overturning Circulation
(SAM)”, 2009. (Second SAMOC Workshop, July 2-3, Paris, France.)
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