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PREAMBLE

During the PIRATA-10 meeting in Fortaleza-Brazil (December 2004) Brazilian,
French and U.S. partners affirmed their desire to continue to support PIRATA. During this
meeting it was decided that the PIRATA program should be assessed by the major
international programs that currently depend upon it, namely CLIVAR and GOOS, in order
to determine whether they believe there is a sound scientific basis for its continuation as a
permanent component of GOOS and GCOS. Protocols and procedures for this assessment
were formalized at the PIRATA-11 meeting in Toulouse-France (October 2005). At this
meeting, members of the CLIVAR-Atlantic Panel and the OOPC were invited to provide
guidance for the program assessment. The contents and structure of this document represent
the results of discussions at PIRATA-11 and the basis upon which to assess the case for

continuation of the program.



PIRATA EXECUTIVE SUMMARY

Introduction to PIRATA e

PIRATA (Pilot Research Moored Array in the Tropical Atlantic), is a multinational program (tripartite
between Brazil, France and United States of America) established to monitor the ocean-atmosphere system in
the Tropical Atlantic in order to improve our knowledge and understanding of the Ocean-Atmosphere
variability in this particular world region. Actually, the variability of the ocean-atmosphere system in the
Tropical Atlantic, from the seasonal to the multi-decade scale, strongly influences the regional hydro-climates
(ie variations in rainfall) and, consequently, the economies of the adjacent continental regions (principally
West Africa and North-East Brazil). PIRATA is motivated by fundamental scientific issues but also by the
societal needs for improved prediction of the Tropical Atlantic climatic system (mostly the Intertropical
Convergence Zone -ITCZ- displacement) and its impacts on surrounding countries. It has been observed that
the long term variability of the Tropical Atlantic can be described principally into two modes: an equatorial
mode associated principally with sea surface temperature (SST) anomalies in the eastern equatorial Atlantic
(this mode is in some aspects analogous to the El Nifio - Southern Oscillation mode over the equatorial
Pacific), and a meridional mode, associated essentially with SST anomalies on either side of the ITCZ. Also,
the north of the Tropical Atlantic is the main development region for hurricanes affecting the West Indies and
the United States of America.

Thus, the more specific goals of the PIRATA program are:

- To improve the description of the seasonal to inter-annual variability in the surface layer (from the surface
to a depth of 500 m) in the Tropical Atlantic;

- To improve our understanding of the relative contributions of surface fluxes and oceanic dynamics in the
variability of the SST and the sub-surface heat content at seasonal and interannual scale;

- To provide a set of data that could be used to develop and improve the predictive models of the ocean-
atmosphere coupled system.

In this way, PIRATA main objectives are to largely contribute or answer to the principal scientific
questions in need of answers pertaining to tropical Atlantic Variability, that are:

- What are the forcing and coupling mechanisms between the atmospheric and oceanic components on the
Tropical Atlantic? In particular, what are the SST’s control mechanisms and what are those of heat fluxes?

- What are the influences of these heat fluxes (and of quantities of movement: the wind) on the variability
(position and intensity) of the ITCZ and on the convective systems of the Gulf of Guinea (which is of
interest to the West African monsoon), and on those of the western region of the basin (which is of interest
to rainfall over South America and to hurricanes over West Indies)?

- What is the relationship between the variability of the SST and that of the heat content of the Tropical
Atlantic, and what is its influence on the various variability modes in this region? In particular, what is the
dynamic link between the north and south poles of the meridian variability mode of the Atlantic and
between it and the equatorial mode?

- What are the teleconnections and their mechanisms between the variability in the Tropical Atlantic region
and that in other regions (El Nifio Southern Oscillation -ENSO-, North Atlantic Oscillation -NAO-, South
Atlantic variability etc.)?




In addition to these scientific objectives, PIRATA also has important technical goals: to design, deploy,
and maintain a pilot array of moored oceanic buoys and to collect and transmit via satellite in real time a set of
oceanic and atmospheric data to monitor and study the upper ocean and atmosphere of the tropical Atlantic.

PIRATA is principally endorsed by CLIVAR (CLImatic VARiability and predictability), OOPC (Ocean
Observations Panel for Climate) and GLOSS (Global Sea Level Observing System) international programs.

The PIRATA Programme

1) PIRATA implementation:

The PIRATA experimental program has developed from 1997 an array of meteo-oceanic (ATLAS type)
buoys in the Atlantic, similar to the Tropical Atmosphere—Ocean (TAO) array used to study ENSO variability in
the equatorial Pacific. PIRATA commits to provide high resolution time series measurements of surface heat and
moisture fluxes, sea surface temperature and salinity, and subsurface temperature and salinity in the upper 500m.
PIRATA so contributes to considerably increase the oceanic in situ data base in the Atlantic, that was mostly
limited before PIRATA to, along with some synoptic oceanographic cruises, measurements from volunteer
observing ship (VOS) programs, coastal and island tide gauge stations, a small number of drifting buoys and a
few disparate time series of some parameters (e.g. wind, currents...) acquired during particular programs (e.g.
FOCAL-SEQUAL in 1982-84).

PIRATA also includes two automatic meteorological stations at Fernando de Noronha Island and St.
Peter & St. Paul Rocks, along with one currentmeter (ADCP) mooring at 23°W-0°N and a tide gauge at Sao
Tome Island.

Furthermore, while each ATLAS buoy has to be changed at least once a year, a large number of
measurements (temperature and salinity profiles, upper layer currents, sea surface temperature and salinity...)
are carried out during all the PIRATA cruises, imposed for the ATLAS moorings monitoring. At now, a total of
23 cruises have been dedicated to PIRATA, done by Brazil (responsible for the maintenance of the 5 buoys
located in the west of the basin, 8 from August 2005 due to the Southwest extension) and France (responsible for
the maintenance of the 5 buoys located in the east and of the currentmeter mooring at 23°W-0°N).

Thus, the PIRATA program provides to the scientific community a free access to many data,
summarized as follows:

1) Real time data:

- Meteo-oceanic measurements using ATLAS buoys: The ATLAS buoys are designed to measure
surface meteorological variables (wind direction and speed, air temperature and humidity, rainfall and solar
radiation) and hydrological sensors between the surface and 500m, namely 2 pressure sensors (at 300m and
500m), 11 temperature sensors (at the surface, 20m, 40m, 60m, 80m, 100m, 120m, 140m, 180m, 300m and
500m) and 4 conductivity sensors (at the surface, 20m, 40m and 120m). The mean daily observations are
transmitted by satellite via Argos and are available in near real-time via Internet.

- Meteorological measurements from meteorological stations: data from the two automatic
meteorological stations located at Fernando de Noronha Island and St. Peter & St. Paul Rocks, are transmitted by
Brazil’s SCD satellites at 3-hourly interval, and data available in near real time via internet.

- Sea level measurements: At Sao Tomé (6°30°E-0°N), a tide gauge station transmits daily via Argos
hourly measurements of sea level, sea surface salinity and temperature along with atmospheric pressure.

2) Delayed data:

- Current-meter measurements from moorings: Since late 2001, a mooring located at 23°W-0°N ATLAS
is equipped with an ADCP (Acoustic Doppler Current Profiler) which continuously measures the two horizontal
components of the current, from the surface to approximately 130m. The in situ measurements are available at a
rate of one measurement every 4m from a depth of 16m.




- Oceanographic measurements obtained from ships: During each oceanographic campaign dedicated to
PIRATA, meteo-oceanic measurements are carried out, which are principally : Current measurements (from 0 to
700m max.) using VM-ADCP acoustic Doppler current profilers; Surface temperature and salinity
measurements using a thermosalinograph; Meteorological and navigational measurements using data acquisition
units; Hydrological measurements with CTD profiles (continuous pressure, temperature and salinity
measurements between the surface and 500m or 1000m); Temperature measurements between the surface and
approximately 800m with XBT probes.

2) Scientific contribution:

According to the main initial scientific goals of PIRATA, the number of studies (and papers) done in the
framework of, or using data obtained thanks to, PIRATA indicates to what extend it is clear that PIRATA largely
contributes and answers to the comprehension of the climate system in the Tropical Atlantic.

Thus, PIRATA contributes to:

a) Provide an improved description of the seasonal-to-interannual variability in the upper ocean and at
the air-sea interface:

- According to the state of the art knowledge accumulated during the last decades PIRATA was
then established with the early purpose to provide a description of the two main (meridional and equatorial)
modes of climate variability in the tropical Atlantic. Thus, PIRATA first allows increasing our description and
interpretation on the meridional and equatorial modes of variability.

- PIRATA is providing data to validate and to initialize models of air-sea interaction in the
Tropical Atlantic. The PIRATA buoy data are extensively used by both academic and operational communities
to validate satellite based surface flux estimates.

- PIRATA data, along with data from PIRATA dedicated yearly cruises (ADCP currents along
the same meridional sections, namely 35/38°W and 10°W), allow studies focusing on equatorial currents and
equatorial processes.

b) Estimate the relative contributions of the different components of the surface heat flux and ocean
dynamics to the seasonal and interannual variations of SST;
c¢) The development and improvement of predictive models of the coupled Atlantic climate system:

- Ocean state estimation: Over the time period that PIRATA buoys have been deployed, ocean
state estimation has progressed from a research activity to the operational generation of ocean products initiated
under the framework of GODAE. For many years, PIRATA has been a major source of tropical Atlantic
observations to research assimilation schemes for the global ocean. The French MERCATOR operational
oceanography project is routinely using PIRATA data processed in real time. Such product generation of
operational oceanography for the tropical Atlantic is now possible because the oceanic data from the Atlas buoys
are made available in near real-time.

- Forecasting:

1) Weather: the surface meteorological fields from the PIRATA Atlas buoys are
assimilated in near real-time into predictive atmospheric models. PIRATA data have significant potential for
improving the initial analysis of weather forecasting in the region.

i1) Seasonal Climate Forecasts: PIRATA data are used in operational seasonal forecasts
via data assimilated into oceanic models that provide ocean initial conditions using coupled ocean-atmosphere
models.

d) Unanticipated advances: PIRATA contributes to advances in areas not fully anticipated at the start of
the program. For example, utility and accuracy of rain and salinity sensors from PIRATA Atlas buoys are now
well established, and it is now proven that such data are of fundamental importance for the mixed layer heat
budget and air-sea exchanges. In the same way, it was not appreciated how strongly the pull from the operational
community would be for PIRATA data. The many activities that demand these data for development of ocean
assimilation systems and for constraining ocean model analysis in the tropical Atlantic attest to the value that the
operational community has assigned to PIRATA data. The ready availability of the data via the GTS and the web
in real-time have helped to create this demand, which continues to grow as operational oceanography itself
develops and matures.

Furthermore, mostly thanks to the dedicated cruises, PIRATA also contributes to training to implicate
scientists from developing African countries in oceanographic and climate research.




Finally, PIRATA is also a contribution for the realization of other programs, for which PIRATA
dedicated cruises and Atlas buoys are opportunities for buoys, drifters, XBT probes or profilers deployments
(e.g. for CLIVAR, ARGO and CORIOLIS), or sea water samplings (e.g. for IGBP/SOLAS programs), or
biogeochemical measurements. PIRATA also contributes, through the data transmission in real-time from
vessels during dedicated cruises, to GODAE and MERCATOR projects.

3) Extensions and prospective:

PIRATA encourages consideration of scientifically sound pilot expansion projects that build upon the
original PIRATA array. Extensions are supposed to contribute to fill out the PIRATA array in order to provide
better definition of the two key climate modes of variability in the Tropical Atlantic Ocean. After a scientific
evaluation, extensions of the array have been initiated, with more planned and funded, greatly magnifying the
scope of scientific issues and operational value addressed by PIRATA.

The PIRATA Southwest Extension (3 buoys off Brazil), supported by Brazil, was inaugurated in August 2005.
This extension will notably allow monitoring the South Equatorial Current bifurcation into the Brazilian Current
and the Northern Brazilian Current, and the interactions between the South West tropical Atlantic SSTs and the
South Atlantic Convergence Zone.

The PIRATA Southeast Extension (1 buoy off Congo and Angola), supported by South Africa, will be
implemented in boreal summer 2006. Observations in this region will be used to monitor the Benguela Nifios,
and the potential linkage between the equatorial mode and the Benguela Nifios.

The PIRATA Northeast extension (4 buoys along 20°N and 23°W), supported by USA and still under evaluation
process, will however begin to be implemented in summer 2006. Observations in this region will allow capturing
processes impacting interannual variations in the seasonal migration of the eastern ITCZ.

Also, NOAA has funded enhancement of three sites (15°N-38°W; 0°N-23°W and 10S°-10°W) for full
surface flux capability, as part of the OceanSITES program.

Ultimately, the PIRATA array will transition to an operational, international, sustained observing system
for weather and climate prediction spanning the widely varying dynamical regimes of the tropical and low-
latitude subtropical Atlantic Ocean and providing invaluable opportunities for deployment of Argo floats,
surface drifting buoys, and platforms for conducting process studies and future research efforts.

4) Program Management and Support:

An International Scientific Steering Committee (SSC) heads the PIRATA Program. Presently, three
scientists of the three countries involved in, i.e. Brazil, France and USA compose this PIRATA-SSC. The
current SSC composition is:

- From Brazil: Antonio Divino Moura (INMET, Chair), Paulo Nobre (INPE) & Edmo Campos (USP);
- From France: Bernard Bourles (IRD, Co-Chair), Serge Planton (Météo-France) & Fabrice Hernandez (IRD);
- From USA: Rick Lumpkin (NOAA, Co-Chair), Antonio Busalacchi (SSIC) & Michael McPhaden (NOAA).

A PIRATA Resources Board (PRB) was set up in 1999 in order to meet the objectives of the
undertakings of each of the principal institutes that are partners in the PIRATA program, and to ensure that the
program would be fully supported by the three countries. The present composition of the PIRATA PRB is Mike
Johnson (Chair , NOAA-USA), Jacques Boulégue (IRD, France), Joél Poitevin (Météo-France, France) and
Maria Assuncdo F. Silva Dias (INPE, Brazil).

Final comments:

After a “Pilot phase” from 1997 to 2001, during which the array has been fully implemented, institutions
in the three supporting countries decided to extend the program for a 5-year “Consolidation phase” (2001-2005)
to allow for a meaningful demonstration that the data would contribute significantly to both scientific research
and operational applications.

At now, in 2006, PIRATA is at a key point of its evolution, and conditions of its continuation have to be
defined by different parties, with the endorsement of international CLIVAR and OOPC programs. The PIRATA
continuation till 2008 has been decided by the supporting Brazilian, French and US organisms, in the same
conditions as until now.




Actually, it has to be evaluated if there is a sound scientific basis for the PIRATA continuation as a permanent
component of GOOS and GCOS. Anyway, the fixed time series measurements from the PIRATA moorings
together with observations from the regular deployment and service cruises has since become the backbone of
the tropical Atlantic observing system. The addition of ARGO floats has served to complement the unique, high
temporal sampling and limited spatial extent of the original set of PIRATA buoys. The federation of
complementary observational platforms provided thanks to PIRATA has become, de facto, the Tropical Atlantic
Ocean Observing System. From its beginning, PIRATA has also cooperated and communicated on a frequent
basis with the CLIVAR Atlantic Panel, OOPC, GOOS, GCOS, GLOSS, GEOSS, JCOMM, and CORIOLIS.
Actually, through the concerted efforts of those participating nations and institutions, PIRATA has become a
worldwide recognized GOOS and GCOS pilot-project in the region. By way of membership in the PIRATA-
SSC, organizations such as INPE, IRD, NOAA, CPTEC, FUNCEME, M¢étéo-France, CNRS, and
MERCATOR/GODAE have all been regularly informed and have had input to the direction of PIRATA. In
addition, the PIRATA-SSC has been actively involved in the development of new programs as, e.g., TACE and
AMMA. With the onset of AMMA in 2001, more than 25 institutions in Africa, Europe, and the United States
developed a plan to improve prediction of the West African Monsoon and Atlantic hurricanes. AMMA has been
endorsed by CLIVAR and the Global Energy and Water Cycle Experiment (GEWEX). AMMA and TACE
require long-term observations in the Atlantic Ocean through at least 2010, and PIRATA is obviously for these
programs a key observation system and a closely associated program.

Contacts

- Chair of the PIRATA International Scientific Steering Committee:
Antonio Divino Moura, INMET, Brazil :diretor@inmet.gov.br

- Co-vice-chairs of the PIRATA International Scientific Steering Committee:
Bernard Bourlés, IRD/LEGOS, France: bernard.bourles@jird.fr
Rick Lumpkin, NOAA/AOML, USA: Rick.Lumpkin@noaa.gov
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ACCOMPLISHMENTS OF PIRATA: 1997-2005

STATUS AND PERSPECTIVES

A. Scientific Background and PIRATA Objectives

The variability of the ocean-atmosphere system in the Tropical Atlantic, from the seasonal to the multi-
decadal scale, strongly influences the regional hydro-climates (ie variations in rainfall) and, consequently, the
economies of the adjacent continental regions (particularly West Africa and North-East Brazil). Over the last few
decades, it has been observed that the long term variability of the Tropical Atlantic could be broken down
principally into two modes: 1) an equatorial mode associated with the individual dynamics of the equatorial
regions (in some aspects similar to the El Nifio - Southern Oscillation -ENSO- mode over the equatorial Pacific),
2) a meridional mode associated essentially with the sea surface temperature (SST) anomalies of the ocean on
either side of the inter-tropical convergence zone (ITCZ). This latter mode is often described as a meridional
gradient of SST anomalies, and is sometimes called, though improperly, as the “dipole mode”. Furthermore,
there are numerous oscillations, still not fully identified inside the basin, which make it difficult to identify,
much less predict, these two types of variability and their possible relationship.

Elsewhere, the north of the Tropical Atlantic (towards the latitude of Senegal) is the seat of the
formation of the tropical depressions that cause the cyclones that may affect the regions of the West Indies and
the south-eastern United States. The advective role of the ocean currents in this area of cyclogenesis is still ill-
defined. We also know that there is a link between the oceanic and atmospheric circulations of the tropical
regions and those of the temperate zones of the Atlantic Ocean, as well as a link with the tropical oscillations in
the Pacific Ocean associated with the ENSO mode.

Among the principal scientific questions in need of answers pertaining to tropical Atlantic Variability are:

1) What are the forcing and coupling mechanisms between the atmospheric and oceanic components on the
Tropical Atlantic? In particular, what are the SST’s control mechanisms and what are those of heat flux?

2) What are the influences of these heat fluxes (and of quantities of movement: the wind) on the variability
(position and intensity) of the ITCZ and on the convective systems of the Gulf of Guinea (which is of
interest to the West African monsoon), and on those of the western region of the basin (which is of interest
to rainfall over South America)?

3) What is the relationship between the variability of the SST and that of the heat content of the Tropical
Atlantic, and what is its influence on the various variability modes in this region? In particular, what is the
dynamic link between the north and south poles of the meridional variability mode of the Atlantic and
between this mode and the equatorial mode?

4) What are the teleconnections and their mechanisms between the variability in the Tropical Atlantic region
and that in other regions (ENSO, North Atlantic Oscillation, South Atlantic variability etc.)?

5) To what extent is such climate variability predictable?

The oceanic in situ data base in the Atlantic, before PIRATA (Pilot Research Moored Array in the
Tropical Atlantic), derived primarily from volunteer observing ship (VOS) programs, coastal and island tide
gauge stations, and a small number of drifting buoys. VOS measurements of surface meteorology and subsurface
temperatures are concentrated mainly along well-traveled shipping routes, in between which there are large data
gaps. Time series measurements of winds, upper-ocean temperatures, and other datasets collected during the
1982-84 Frangais- Océan-Climat Atlantique Equatorial / The Seasonal Response of the Equatorial Atlantic
(FOCAL/ SEQUAL) experiment (Weisberg and Weingartner 1986; Houghton and Colin 1986; Katz 1987)
indicated a broad spectrum of high-frequency variability that would be aliased into infrequent quasi-monthly
shipboard surveys. Tide gauge stations provide highly resolved time series of sea level data but are relatively few
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in number and not optimally located for climate studies. Drifting buoys, which provide estimates of SST and
mixed layer velocity, are concentrated mainly north of 20°N and therefore supply little data in critical regions
near and south of the equator. Satellite estimates of some key variables (surface winds, SST, and sea level) are
available over the whole Atlantic basin with more uniform spatial and temporal resolution. Indeed, the satellites
are valuable tools in providing spatial coherence and cover of surface properties, but do not deliver direct
measurements of subsurface thermal structure in the ocean, which is essential for understanding processes
affecting the evolution of SST.

Therefore, in view of limitations in the database for tropical Atlantic climate studies, PIRATA has
developed in the Atlantic a program of moored measurements similar to the Tropical Atmosphere—Ocean (TAO)
array used to study ENSO variability in the equatorial Pacific. PIRATA commits to provide high resolution time
series measurements of surface heat and moisture fluxes, sea surface temperature and salinity, and subsurface
temperature and salinity in the upper 500 m.

In addition to the scientific objectives listed below, PIRATA also has important technical goals: to
design, deploy, and maintain a pilot array of moored oceanic buoys, similar to the TAO array used during the
Tropical Ocean Global Atmosphere (TOGA) program in the tropical Pacific, and to collect and transmit via
satellite in real time a set of oceanic and atmospheric data to monitor and study the upper ocean and atmosphere
of the tropical Atlantic.

Within this framework, the more specific scientific objectives of the PIRATA program are as follows
(Servain et al., 1998):

e To improve the description of the seasonal to inter-annual variability in the surface layer (from the
surface to a depth of 500 m) in the Tropical Atlantic;

e To improve our understanding of the relative contributions of surface fluxes and oceanic dynamics in
the variability of the SST and the sub-surface heat content at seasonal and interannual scale;

e To provide a set of data that could be used to develop and improve the predictive models of the ocean-
atmosphere coupled system.

It is these original objectives that form the basis for the assessment of the present and future of the
PIRATA array.
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B. PIRATA accomplishments:
1. PIRATA specifications, technology and performance
a) PIRATA general presentation:

The PIRATA experimental program was set up in 1997 in the tropical Atlantic Ocean (Servain et al.,
1998). It developed as part of the CLImatic VARiability and predictability (CLIVAR) international program
and involves teams of scientists from three countries: France, Brazil and the USA. It consists mainly, and
initially, of maintaining a network of 12 meteorological-oceanographic measurement buoys anchored at
positions representative of the main climatic variability modes in the Tropical Atlantic. The program was
initially designed for a “Pilot phase” from 1997 to 2001 during which the array would be fully implemented and
various technical and organizational challenges addresses. With the success of the pilot phase, institutions in the
three supporting countries decided extend the program for a 5-year “Consolidation phase” (2001-2005) to allow
for a meaningful demonstration that the data would contribute significantly to both scientific research and
operational applications.

PIRATA also includes two automatic meteorological stations at Fernando de Noronha Island and St.
Peter & St. Paul Rocks, along with one currentmeter (ADCP) mooring at 23°W-0°N and a tide gauge at Sdo
Tome Island. This network is supported, in particular, by the CLIVAR, Ocean Observations Panel for Climate
(OOPC) and Global Sea Level Observing System (GLOSS) international programs.

PIRATA can be considered as being the Atlantic component of a group of networks for observing
meteo-oceanic conditions throughout the tropics (the Tropical Moored Buoy network), established from the
1980’s in the Pacific with the TAO/TRITON program, developed by the USA (NOAA/PMEL) and Japan
(JAMSTEC), with a contribution from the IRD (see site http://www.pmel.noaa.gov/tao/index.shtml), (a
presentation of the three networks, but with the PIRATA SWE still not plotted, can be found on the CLIVAR
Global Synthesis and Observation Panel -CGSOP- site, at the following address:
http://www.clivar.org/organization/gsop/implementation/GSOP_1/reports/GSOP_TIP_2004.pdf).

The development of a network of ATLAS buoys in the Indian Ocean is proposed and already being
installed by NOAA, in collaboration with Japan, Australia and India. The Pacific and Atlantic networks are
presented in the figures below (PIRATA network until 2005, SWE still not plotted).

30°N . o ol l o . [P B 20°N
20°N | TAO/TRITON Array } :
10°N - v a 4 o o o o o o o o [ o
v 4 A & @O o o o o o o o o
S s s oo
10°s ] o o o o o o o '_ (n]
[ o - 10°S
208 3 F PIRATA Arra
30°S OATLAS ATRITON ¥ TRITON Extension ®Subsurface ADCF | y
120°E 140°E 160°E 180° 160°W 140°W 120°W 100°W B80°W 60°W 40°W 20°W 0°E

The system of ATLAS buoys of the PIRATA network is made operational by the daily transmission of
data by satellite (Argos system), followed by real-time access on the internet and on the Global
Telecommunication System (GTS). The five buoys maintained by Brazil also transmit data via the Brazilian
Data Collection Satellites (SCD family and CBERS). The data are transmitted to INPE’s site in Brazil, decoded,
and made immediately available in CPTEC/INPE’s home page. In addition to a purely scientific use associated
with the study of the climatic conditions variability in the Tropical Atlantic, the PIRATA observations are used
for near real-time assimilation in French, European, Brazilian and US atmospheric models, and in the
MERCATOR operational ocean forecast system in France. The data also contribute to establishing, improving or
validating the initial meteo-oceanic conditions required for numerical coupled models used for global climatic
forecasts at the seasonal scale.
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A PIRATA Resources Board (PRB) was formed in 1999 in order to meet the objectives of the
undertakings (financial, human, ship resources ...) of each of the principal institutes that are partners in the
PIRATA Program. An International Scientific Steering Committee (SSC) heads the PIRATA Program.
Presently, three scientists of the three countries involved in, i.e. Brazil, France and USA compose this PIRATA-
SSC. The historical compositions of the PIRATA-PRB and PIRATA-SSC are given in Appendix 1.

A Memorandum of Understanding (MoU) was officially signed in August 2001 by the representatives
of these various partners. This MoU commits the various partner institutes throughout the consolidation phase
of the PIRATA program (2001-2006). Key provisions of this MoU commit the U.S. to supply ATLAS mooring
equipment and technical support, while institutions in France and Brazil are committed to provide ship time and
logistics support. The text of the MoU is given in Appendix 2.

Meetings are regularly organized by the PIRATA PRB and SSC, where all scientists who feel

concerned by PIRATA are invited to attend and to present their works. A list of the PIRATA meetings is given
in Appendix 3.
During a meeting of the PIRATA SSC (PIRATA-10) held in December 2004 at Fortaleza (Brazil), the various
main partners of PIRATA (INPE, DHN, IRD, Météo-France and NOAA) affirmed their intention to continue to
support the program. In addition NOAA undertook to finance the buoys in 2006 to give more time to finalize
details about the continuation of the project. The Memorandum of Understanding (MoU) signed by the partner
bodies in 2001, which expired in September 2004, was extended in its current form for a further two years by
the same partners during the PIRATA-10 meeting. During the following meeting of the PIRATA-SSC
(PIRATA-11) held in October 2005 at Toulouse (France), the guidelines and objectives of a PIRATA Review
have been agreed between the PIRATA-SSC and representatives of CLIVAR-Atlantic and OOPC. The present
document is the response to the call for such a review.

b) Measurement sites and measured parameters:

1. Meteo-oceanic measurements using ATLAS buoys:

Based on the historical understanding of climate variability in the region, the specific configuration of
the original PIRATA array was chosen to provide measurements related to the two main modes of climatic
variability in the tropical Atlantic basin, i.e., the equatorial mode and the meridional mode (also called “dipole
mode”). More information on the original justification for PIRATA can be found in Servain et al., 1998. Along
the equator, the array extends from the western Atlantic warm pool where the wind forcing is high and the
oceanic thermocline is deep, to the cold tongue region in the eastern basin (Gulf of Guinea) where the upwelling
is strong and the thermocline is shallow. Then, four ATLAS moorings were placed along the equator at 35°W,
23°W, 10°W and 0°E for monitoring the eastward propagation of equatorial Kelvin waves, while two moorings
at 2°N and 2°S along the 10°W meridian line where installed to complete the description of the equatorial wave
dynamics. As for monitoring the meridional mode, two branches of ATLAS moorings were placed along the
38°W line at 15°N, 12°N, 7°N and 4°N latitudes, and along the 10°W at 6°S and 10°S latitudes. These two
meridional lines cover the regions of higher SST wvariability associated with the “SST dipole”, with the
northwestern meridional line cutting across the ITCZ during most the year.

France, via the PIRATA “Observatoire de la Recherche pour I’Environnement” (ORE), is operationally
responsible for the 5 ATLAS buoys located on longitudes 23°W, 10°W and 0°E, while Brazil is responsible for
the 5 moorings located in the west. Initially, two additional buoys were planed to be maintained around 10°W-
2°N and 10°S-2°S. Deployed in 1998, and rapidly vandalized, these two last buoys were abandoned in 1999 and

dropped from the original array at the end of the “Pilot Phase” of

{ the PIRATA Program (2001). More details about the growth of

ox . > the array with time can be found in Appendix 4.
L
o \/“’/_\f? . s .
. o L Figure 1: Initial (1997-2004) layout of the PIRATA network. Brazil
] maintains the 5 ATLAS sites west of 30°W.
s \) France maintains the 5 other ATLAS sites and the ADCP mooring site at
0°N-23°W (initially planed at 20°W as located on the map). The two
s buoys at 2°N and 2°S along 10°W were deployed only once (not shown
50 40 30W 20W 10%W 0 10E 20E  on the map)'
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The ATLAS buoys are designed to measure surface meteorological variables (wind direction and speed,
air temperature and humidity, rainfall and solar radiation) and hydrological sensors between the surface and
500m, namely 2 pressure sensors (at 300m and 500m), 11 temperature sensors (at the surface, 20m, 40m, 60m,
80m, 100m, 120m, 140m, 180m, 300m and 500m) and 4 conductivity sensors, enabling the salinity to be
calculated (at the surface, 20m, 40m and 120m). The mean daily observations are transmitted by satellite via
Service Argos and are available in near real-time on the Internet. Data are also sent through the Global
Telecommunications System (GTS) by Argos for real-time distributions to operational centers. The
measurements carried out at high frequency (from 1 minute to 1 hour, depending on the parameters) are stored
internally and recovered during maintenance operations before being processed, calibrated and made available to
the community.

2. Meteorological measurements from meteorological stations:

PIRATA also includes two automatic meteorological stations at Fernando de Noronha Island and St.
Peter & St. Paul Rocks, serviced by Brazil. Data collection for both island stations is done with Brazil’s SCD
satellites at 3-hourly interval, and data available in near real time via internet.

Although not directly part of PIRATA, another meteorological station has been installed at Sao Tomé
Island (island located in the Gulf of Guinea at 6°30’E-0°N) in the framework of EGEE/AMMA, and constitutes
an eastern continuation of PIRATA meteorological measurements along the equator. Data are transmitted in real
time at the IRD Center of Brest (France), and should be available through PIRATA in a close future.

3. Current-meter measurements from moorings:

In order to monitor the circulation in the surface layer and mixing, the PIRATA network also includes
since the end of 2001 a current-meter mooring in the immediate vicinity of the 23°W-0°N ATLAS site. This
mooring is equipped with an ADCP (Acoustic Doppler Current Profiler) which continuously measures the two
horizontal components of the current, from the surface to approximately 100m. The in sSitu measurements are
available at a rate of one measurement every 4m from 16m depth.

From late 2001 to boreal spring 2005, France (under the responsibility of LODY C/LOCEAN-Paris) also
maintained a current-meter mooring at 10°W-0°N, close to the ATLAS buoy, in the framework of an associated
program dedicated to the study of equatorial jets and of the French PIRATA ORE.

It must be noted that these current-meter data are not transmitted in real-time by satellite. The raw data
are only retrieved during the PIRATA French dedicated cruises, i.e. about yearly, and are available for the
scientific community after calibration and pre-processing.

4. Oceanographic measurements obtained from ships:

The servicing of the PIRATA array implies dedicated cruises that, in agreement with the MoU
commitments, should be at least carried out yearly. A list of all the PIRATA cruises is provided in Appendix 5.

During each Brazilian and French oceanographic campaign dedicated to PIRATA, meteo-oceanic
measurements and additional operations are carried out, either within the framework of the PIRATA Program, or
in collaboration with other associated programs (e.g. EQUALANT in 1999-2000, EGEE/AMMA from 2003) or
dedicated to operational oceanography (CORIOLIS and MERCATOR, French components of the ARGO and
GODAE international programs respectively). These additional measurements are detailed in Appendix 6.

5. Sea level measurements:

The stations located in the oceanic islands represent strategic observatory points that are essential for
altimetry and satellite calibration measurements.

At Sdo Tomé (6°30’E-0°N), a tide gauge station was installed by ORSTOM (now IRD) as early as 1989
to meet the requirements of climatic research programs (TOGA, WOCE, CLIVAR). This tide gauge, linked to an
Argos beacon for real-time data transmission, is an integral part of a global network for observing the Tropical
Atlantic and, since 1997, is integrated into the international PIRATA network. It was positioned by GPS for the
international GLOSS program (http://www.pol.ac.uk/psmsl/programmes/gloss.info.html) in December 2002.
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The measurements obtained from this tide gauge are: level -height or pressure-, temperature and salinity of the
sea, and atmospheric pressure. The measurements are taken hourly and transmitted daily via Argos.

In Brazil, the installation of a tide gauge, geodesically referenced, is planed at St. Peter & St. Paul Rocks
in 2006, and should work in an operational way.

c¢) Data acquisition and calibration protocols:

Concerning the ATLAS buoys, PIRATA mooring hardware, sensors types, calibration procedures,
temporal sampling and resolution, data processing, accuracy standards, and data transmission and dissemination
protocols are identical to those of ATLAS moorings in the Pacific TAO/TRITON array. An extensive
description of technical details can be found on the TAO web pages maintained by PMEL
(http://www.pmel.noaa.gov/tao/). For the purposes of this report, the most important statement to make is that
ATLAS mooring technology and protocols have been developed over a period 25 years to ensure the highest
quality data for climate research and operational applications.

A brief summary of some salient data issues is found in Appendix 7, along with the periods of
availability of some of these data sets.

d) PIRATA cruises and related issues

France and Brazil committed to service the ATLAS buoy moorings at least once a year. Due to vessel
time availability and cost, each buoy is replaced once a year in mean. From 1997 to December 2005, France
carried out 14 cruises and Brazil 8 cruises for PIRATA buoys maintenance. Details on the cruises are provided
in Annex 7. To date, more than 400 days at sea have been dedicated to PIRATA from 1997 to 2005.

In France, the problems encountered in order to maintain the 5 ATLAS buoys of the PIRATA network
under its responsibility are of two orders: 1) problems associated with vandalism in the Gulf of Guinea, and 2)
difficulties to obtain vessel time. In fact, these two problems put into question maintenance, in its current
configuration, of the center and eastern parts of the original PIRATA array. However, in view of the extension of
the MoU until 2006, the continuation of the current network until the end of 2006 will be ensured (see chapter C
for more details).

In Brazil, vandalism has not been a significant problem for the five buoys of the western portion of the
PIRATA backbone from 1998. However, we cannot yet state if this is an issue for the three buoys recently
moored (August 2005) for the PIRATA SW extension (see below). The main problem encountered in Brazil for
the PIRATA cruises has been associated with securing ship time with the only oceanographic research vessel,
Antares, available for ATLAS type mooring in this country. Nevertheless, DHN and INPE are investing in a
second ship, Amorim do Valle, to adapt that ship to deep water ocean operation of ATLAS moorings.

These problems and their potential issues are presented in more details in Appendix 8.

e) Measurements of Opportunity:

PIRATA cruises are an opportunity to carry out other measurements or instrumentation deployments in
the framework of associated programs. Notably, these measurements and deployments constitute an important
contribution to ARGO/GODAE (and their French components CORIOLIS/MERCATOR) and GOOS.

- Temperature profiles:

XBT probes are launched during each Brazilian and French cruise dedicated to the PIRATA array
servicing. During the French PIRATA cruises, all the temperature profiles (from the surface down to about 700m
depth in mean) are transmitted in quasi-real time to the IFREMER Data Center, and profiles are then available
and used for assimilation in operational numerical models. The number of temperature profiles varies according
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to the cruise, but the number of profiles done during the French PIRATA cruises tends to increase in agreement
with the recommendations by CORIOLIS/MERCATOR for the equatorial regions (in order to better sample the
mesoscale structures and meridional gradients in the equatorial band). In this way, 118 profiles have been done
across the whole equatorial Atlantic during the PIRATA-FR12 cruise (January-February 2004) and 113 profiles
have been done in the Gulf of Guinea during the last PIRATA-FR14 cruise (June-July 2005).

- Surface drifting buoys:

In the Tropical Atlantic, and principally in the Gulf of Guinea which is a very under-sampled region, the
maintenance of the eastern PIRATA backbone provides an opportunity to seed the region with satellite-tracked
surface drifting buoys, subsurface floats and profilers, in the framework of the Surface Velocity Program -SVP-
and ARGO. Historically, this region has seen few drifter observations due to the westward surface currents along
the main South Africa-to-Europe shipping lane. Many SVP drifters, provided by NOAA/AOML (Miami) in the
framework of the GDC (Global Drifter Program), have thus been deployed during the French PIRATA cruises.
For example, 8 SVP surface drifters have been launched and 12 in 2004 during the PIRATA-FR11 and FR12
cruises respectively, and 20 in 2005 during the PIRATA-FR13 and FR14 cruises.

- Subsurface floats and profilers:

In the framework of ARGO/CORIOLIS, the PIRATA cruises allow us to deploy subsurface floats and
ARGO profilers, that provide temperature and salinity profiles from the surface down to 2000m depth every 10
days, transmitted in real-time through the Argos satellite system. ARGO profilers are either provided by
France/IFREMER (PROVOR profilers) in the framework of the associated EGEE/AMMA program, or by
US/NOAA (SOLO profilers). Thus, about 10 ARGO profilers have been deployed in 2003 in the Gulf of Guinea
and, during the 2005 PIRATA-FR13 and FR14 cruises, as many as 24 ARGO profilers have been deployed in
the eastern Tropical Atlantic and the Gulf of Guinea (18 French PROVOR and 6 US SOLO).

In collaboration with the German CLIVAR program (IFM/GEOMAR), the 2005 French PIRATA-FR13
and FR14 cruises were also an opportunity to deploy 6 RAFOS, -4 deep and 2 shallow-, 6 APEX and 2 NEMO
profilers between the longitudes 23°W and 10°W.

- In the framework of other various programs:

In the framework of EGEE/AMMA and of the French PROOF program (and in contribution to the
IGBP/SOLAS programs), the more recent French PIRATA cruises (from 2004) have also been used to do many
surface sea water samplings for salinity, nutrients, CO2 parameters, C13 and O18 analysis. Sea surface salinity
analysis are notably used also for thermosalinographs calibration, needed for CORIOLIS (differed time data
sets). Such samplings are carried out almost every degree (in latitude or longitude) for salinity and nutrients and
every two degrees for the other parameters.

PIRATA cruises are also opportunities to sample species found along the ATLAS mooring lines for
particular studies. Actually, the pelagic open-sea ecosystems support important fisheries for tunas and tuna-like
species in the Atlantic Ocean. Ecological relationships among large pelagic predators, and between them and
animals at lower trophic levels, are not well understood. Given the need to evaluate the implications of fishing
activities on the underlying ecosystems, it is essential to acquire a reliable understanding of the trophic structure
in these vast ecosystems. Knowledge of the trophic ecology of predator fishes has historically derived from
stomach content studies that provide only a relative snapshot of the most recent meal at the time of day the
animal is captured. Stable N and C isotopes are used with increasing frequency for determining trophic
interactions among consumers, and for tracking energy or mass flow through the trophic pathways of ecological
communities. Several studies have shown that primary consumers such as filter feeders can capture the spatio-
temporal variation at the base of marine food webs (e.g. Ménard et al., 2004). In the