
PIRATA: a 25 years observing system in the Tropical Atlantic

Status & scientific highlights
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ñThe variability of the oceanïatmosphere system in the tropical Atlantic, from intraseasonal to multidecadal time scales, strongly 

influences regional variations in rainfall, and consequently the economies of the adjacent continental regions. For example, 

variations in the intertropical convergence zone (ITCZ) and the West African monsoon affect rainfall and droughts in Africa and 

northeastern Brazil.ò

Why  a network in the  tropical Atlantic ?

Tropical Atlantic Variability& societaldrivers:

- Rainfall

- Tropical cyclones

- Biogeochemistry, carbon

- OxygenMiminum Zone & resources

- Ecosystemsand pollution

Key processes and modes of variability :
Atlantic Meridional Mode, Atlantic Zonal Mode, AMOC, ENSO, PDO, NAO, AMV , etc. 



Main goals of PIRATA 

wr lpsuryh rxu nqrzohgjh dqg xqghuvwdqglqj ri rfhdqɉdwprvskhuh 
interactions and variability in the tropical Atlantic

that are relevant to regional weather and climate variability and change 
on subseasonal - to -seasonal , interannual , and longer time scales.

Specifically, the scientific goals of PIRATA are:
- To improve our understanding of the relative contributions of the different components of 

the surface fluxes (heat, momentum, freshwater, CO 2), coupled ocean -atmosphere dynamics , 
and the surface and upper ocean thermal and haline structures;

- To provide a data set that can be used to develop and improve predictive models of the 
coupled ocean - land -atmosphere Atlantic climate system, and for seamless numerical 
predictions of the ocean and the atmosphere; 

- To provide an extensible network of platforms for enabling earth -system research and 
monitoring capabilities.



The present PIRATA network:
18 met-ocean moorings (8 Atlas & 10 TFlex) + 3 equatorial ADCP moorings

Servicedby USA:

4 buoyNorth & North-East.

Servicedby Brazil: 8 buoysWest

Maintained by France: 

6 buoysEast and South-East +

3 surface ADCP moorings:

- 23°W-0°N : since2001  

(servicedby GEOMAR since2006)

- 10°W-0°N: since2006

- 0°E-0°N: since2013



PIRATA = Atlantic component of the 
Global Tropical Moored Buoy Array

A contribution to GOOS, GCOS, and GEOSS

A coordinated, sustained, multi-national effort 
to develop and implement moored buoy 
observing systems for climate research and 
forecasting throughout the global tropics

TRITON/TAO in the Pacific: from the late 80s
PIRATA in the Atlantic: from the late 90s
RAMA in the Indian: from the mid 2000s



Network maintenance => PIRATA annual cruises
More than 40 daysat seain average/ year / country.

Issues duringCovidpandemic. About 56 dayscruisesin 2021 & 2022 for France (from.ǊŜǎǘΧύΦ

=> High logistics& costsconstraints(materialtransport from PMEL/Seattle to Florida, Braziland France).

eg : PIRATA-BR 2017
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2007

CLIVAR-WCRP (1st PIRATA Review) GOOS

2017

(MoU-4)

TAOS Review

(2nd PIRATA Review)
10ATLAS buoys

2008

17ATLAS buoys

+NEE: 4 buoys
+SWE: 3 buoys
(6 flux ref. sites)
+ 2 ADCPsandCMs(Eq.)  

+ 2 fCO2
(2 sites - ARP)

2011

+ Bar. Press. (1 site )
+ 9 T/C (2 sites 10W)

O2

(2 sites OMZ)

18ATLAS buoys

+1 buoy(Off Congo)
+ 18 OTNs(All sites)
+ 10 cpods (2 eq. sites)

10 T-FLEX + 8 ATLAS

2018

+10 CMs TACOS (1 site 23W)
+ O2 (2 OMZ sites 23W)
+ 1 fCO2 (Off Congo)

PIRATA = Prediction and Research Moored Array in the Tropical Atlantic
(was « Pilot Research moored Array in the Tropical Atlanticò from 1997 to 2008é )

2020

Buoy off Congo 
replaced
at 20S-10W 
due to vandalism 

Sustained Phase

(MoU-3 extented)

20222021

+ 18 cpods 
(9 at 2 sites Eq.)

fCO2 off Congo
replaced at 0N-10W

High Resolution exp. at 0N10W
in the ML: T/C & current

25 yearsof adventures, budget & vesseltime issues, successesΣ ŀƴŘΧ development:
from 10 to 18 buoys, + 3 equatorialADCP moorings, + more & more sensors& biogeochemistryΧ 

=> About 25y  time seriesat somesites, now allowing to address
interannual to decadal variability and climate change

Buoy at 0N0E 
replaced
at 0N3W 
due to piracy 



PIRATA Gouvernance

Membersof the PIRATA ResourcesBoard: 
committeewith one representativeof eachsupportingorganism
committed througha Memorandumof Understanding(MoU)

USA BRAZIL France GERMANY

PIRATA SteeringScientific Group: 
=> 4 membersof eachinitial country  (Br, Fr, USA) + 1 of Germany from 2008.

Collaborations with (non exhaustive listΧύΥ



These collaborations allowed the network enhancement and funding of some moorings & sensors:
- 2 buoys(South East extension site)
- 2 equatorialADCP moorings(10ϲW & 0ϲE)
- Temperature, Temperature/Conductivity sensors
- CO2/O2 sensors
- Current sensors (Aquadopp)
- Atmosphericpressuresensors

PIRATA major collaborations
- TACE (Tropical Atlantic ClimateExperiment) & TAV (Tropical Atlantic Variability) groups
- AMMA (AfricanMonsoonMultidisciplinaryAnalysis) & its oceancomponent EGEE : 2005-2010
- PREFACE (EU FP7 EnhancingPrediction of Tropical Atlantic Climate and its Impacts ): 2013-2018
- AtlantOS(H2020  Optimisingand Enhancing the Integrated Atlantic Ocean Observing Systems): 2015-2019
- TriATLAS(H2020 Tropical and South Atlantic climate-based marine ecosystem prediction for sustainable management): 2019-2023 
& contributions to EuroSea(H2020 Improving and integrating the European Ocean Observing and Forecasting System): 

Annualmeetings:Organizedfrom severalyearscommonlywith theseinternational and EU programmes:



PIRATA => Open Data Policy

www.pmel.noaa.gov/gtmba/

- BUOYS DATA: 

www.aoml.noaa.gov/pirata.ccst.inpe.br/

- FR, BR & US PNE  INFOS & DATA:

www.brest.ird.fr/pirata/

Total rank A papers: > 370
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PIRATA Shipboard/Vessel Data
FR cruises BR cruises US cruises

Vertical profiles
CTD or CTDO2 / depth / quasi real 
time data transmission (qrtdt)

CTDO2;    0-2000m; qrtdt
CTD; 0-1500m; CTDO2 full depth 

from 2017 with RV Vital de 
Oliveira; qrtdt

CTDO2; 0-1500m; qrtdt

L-ADCP Yes; 0-2000m (some4000m)
Yes; 0-1500m;

full depth from 2017 with RV 
Vital de Oliveira

Yes; 0-1500m

Bottle S analysis Yes; 0-2000m
Yes; 0-1500m;

full depth from 2017 with RV 
Vital de Oliveira

Yes; 0-1500m

Bottle O2 analysis Yes; 0-2000m
Yes: 0-1500m ;

full depth from 2017 with RV 
Vital de Oliveira

Yes; 0-1500m

Bottle nutrients analysis
Yes; Nitrates, Nitrites, 

Phosphates, Silicates 0-2000m
Yes; full depth from 2017 with 

RV Vital de Oliveira
No

Bottle Chl pigments analysis Yes ; 0-100m No No

Bottle inorganic carbon parameters
only at CO2 equipped buoys ; 0-

100m
only at CO2 equipped buoys ; 0-

100m
No

Bottle pH Yes (from 2022; TA in 2023) No No

XBT or XCTD / depth / quasi real time 
data transmission (qrtdt)

XBT; 0-800m; qrtdt XBT; 0-800m; qrtdt XBT; 0-800m; qrtdt

Continuous
measurements

SST&SSS (Tsgraph) Yes Yes Yes

S-ADCP Yes Yes Yes

Surface ocean & atmosphere CO2

fugacity
Yes, occasionally Yes, occasionally Yes, occasionally

Acoustic EK60/80 Yes (from 2015; RV Thalassa)Yes, (with RV Vital de Oliveira) No

Meteo Yes Yes Yes

U-CTD No Yes, occasionally No

Opportunity
operations

Argo profilers
Yes(about 7 per cruiseincluding

BGC & DO & DeepArgo)
Yes (from 2017) Yes

Surface drifters
Yes; SVP or SVP-S & BS (number 

depending of years)
Yes; SVP  (number depending of 

years)
Yes

Radiosoundings No
Yes  (number depending of 

years)
Yes (usually; not always)

Aerosols No
Yes (from 2017 when with RV 

vital de Oliveira)
Yes

O3 (ozonesondes) No No Yes(usually; not always)



The Tropical Atlantic Observing System:

PIRATA as the major component of TAOS

Johns et al., TAOS Review Report, 2021; Foltz et al., the TAOS, 2019

TAOS Review

VKey elements of the tropical Atlantic in situ observing system
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PIRATA = contribution to major scientific issues & projects:
(non exhaustive list)

Climate& Oceańs role in climate variability and changes:
- Tropical Atlantic zonal & meridionalmodes of variability
- Benguela Niño 
- Mesoscale/ intraseasonalvariability
- Teleconnections(with9b{hΣ b!hΣ Χύ
- Atlantic MeridionalOverturningCirculation (AMOC) 
- Physical / biochemicalƛƴǘŜǊŀŎǘƛƻƴǎΧ

Societal& environmentalimpacts & ecosystems:
- Predictabilityof ExtremeEvents (hurricanes, droughts/ floods) & Impacts on Human Security & Health
- Early warning - extreme rainfall events & related tropical diseases (egdengue)
- Coral reef bleaching & acidification
- Oxygen changes (OMZ) & impacts of ocean resources

- Regional and global ocean and climate modeling/prediction
- Observing System Experiments (OSEs); eg: EUMETNET/Météo-France/ECMWF 
- Observing System Simulation Experiments (OSSE); eg: SEAPODYM-MTL 

=> improvingnumericalmodelsparameterizations& and predictability
=> improvingobservingsystem (TAOS)

+ operationaloceanography& meteorology:

?



Master in Oceanography and 
Applications - M2 OA(Cotonou, Benin)

UFPE

- Students from all over West Africa to study the physics, chemistry and biology of the ocean;
- Lecturers from: France (UPS, LEGOS, ...), Benin (UAC) and Brazil (UFPE); 
- > ~120 students formed (Benin, Ivory Coast, Cameroon, Togo, Senegal, Nigeria...);
- > ~60 continued PhD: in France, Brazil, South Africa, Germany, Canada, Cameroon, Benin, ...

(LONG TERM) COOPERATION UFPEςIRD-UPS-UAC

UAC

(Cotonou)

UFPE

(Recife)

UPS

(Toulouse)

Capacitybuilding

Another aspect that illustrates 
how beneficial PIRATA is :
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Summer Schools

UFPE Capacitybuilding

Another aspect that illustrates 
how beneficial PIRATA is :

40 students & young scientists attended

+ Students & young scientists (from Africa, Brazil, US, EU) 
training at sea during Pirata& associated cruises



PIRATA in the future

First, the priority is to continue maintainingthe time seriesat the mooringsites 

Then, followingPIRATA & TAOS recommendations: 

TAOS Review

VGreen symbols show 
recommended new 
PIRATA sites to 
combine with the 
NTAS/NDBC buoys to 
establish a new buoy 
line along ~53ϲW, and 
the recommended 
new PIRATA buoy at 
20ϲS, 10ϲW

- New Moorings sites and integration with 
NTAS/NDBC moorings:

- 2 sites in the North-West
- 1 site in the South (10°W-20°W already in place 
from 2020 replacing the one off Congo)

TAOS Review

VThe άArgo 2025 
Designέ sampling 
vision for the global 
oceans, indicating 
regions of higher 
resolution Argo 
sampling (green 
shading) and the 
approximate 
distribution of core 
Argo, BGC-Argo, and 
deep-Argo floats

- Possibly, co-develop a TAOS strategy 
with Argo 2025

- More vertical resolutionin the Mixed Layer
- More biogeochemistryόhнΣ /hнΧύ
- Aerosolssensors



PIRATA isa hugeprogram with too few people involvedin (also on the field to ensurehigh
qualitymeasurements& data sets -ie, acquisition, treatment, sensorsŎŀƭƛōǊŀǘƛƻƴǎΧ-)

The presentcrisisincreasesthe fundingissues (transport, material, sensorsΣ ŎŀƭƛōǊŀǘƛƻƴǎΧύ

=> PIRATA is fragile (needof engineers/ technicianspositions & funds)

A lot of in situ data are «sleepingηΧ soUSE THEM and publish=> better visibilityof PIRATA data sets richness!

Please, do not forget all engineers& crewswho do the job «on the field » & data treatments
=>
acknowledgmentsin (or evencontributions to) publications/communications usingPIRATA data sets

[ƻƴƎ ƭƛŦŜ ǘƻ tLw!¢!Χ

A FEW MESSAGES 
TO CONCLUDE



Thankyou/obrigado/merci



SUPPLEMENTARY SLIDES IF NEEDED

& (if 1h)

A FEW EXAMPLES OF SCIENTIFIC HIGHLIGHTS,
& PRESENT GOING ON WORKS 

COLLECTIVE PRESENTATION:

PleasePhilip, Peter, Renellys,DǊŜƎΣ CƭƻǊŜƴǘΣ IŜǊǾŞΣ CŀōǊƛŎŜΧ join me!  



A few examples of how beneficial PIRATA is ?

¶Hurricanes - extreme climate events

Predictabilityof ExtremeEvents (hurricanes, droughts/ floods) 
Impacts on HumanSecurity & Health

Courtesy: M. McPhaden (NOAA)



Hounsou-Gbo et al. (2012, 2015, 2016) 

¶Early warning - extreme rainfall events

Fortaleza rainfall

*FOR

NWEA

BLT/OHC 
variability

A few examples of how beneficial PIRATA is ?
Predictabilityof ExtremeEvents (hurricanes, droughts/ floods) 

Impacts on HumanSecurity & Health



¶Early warning - tropical diseases (Dengue)

Araujo et al. (2014)

The cross-correlation 0.7 with a lag of 40 days.
8So30oWRecife

(8oS34oW)
¸

A few examples of howbeneficial PIRATA is ?
Predictabilityof ExtremeEvents (hurricanes, droughts/ floods) 

Impacts on HumanSecurity & Health



¶Coral reef bleaching

Ferreira et al. (2010, 2012)

0o35oW
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¸
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A few examples of howbeneficial PIRATA is ?
Impacts on EcosystemHealth



Combined velocity data from the
PIRATAmooredsurfacebuoyandthe
GEOMARsubsurface mooring into
one comprehensivedata set is now
publiclyavailable.

Tuchen, Brandt, Hahn, Hummels, Krahmann, Bourlès, Provost, McPhaden, & Toole (2022), Frontiers in Marine Science

20 years of velocity data at 0Ј, 23ЈW 

Full-depth coverage allows for
investigatingvarious componentsof
the equatorial current system and
their changeson time scalesof days
to decades.

Maintainingthis mooredobservatory
is crucial for studyingvariability and
trendsof equatorial oceandynamics
on climaterelevant time scales.

Tuchen et al. (2022)



Long-term ocean observatory reveal intensification
of ocean circulation (Brandt et al. 2021) 

ADCPs:
1 hour /  8-16 m

MMP:
3-6 days /  1 m

Current Meters:
1-2 hours /
single depth

Current Meters:
1-2 hours /
single depth

20-year moored time series of full depth equatorial currents

Observed strengthening of the Equatorial Undercurrent (EUC) 
from 2008 to 2018 by more than 20%

EUC intensification associated with oxygenation of upper 
equatorial ocean: increased upper ocean oxygenated layer 
thickness since 2005.These changes counteract climate-
warming-induced deoxygenation in the region.

Part of multidecadal variability since 1960s

FromTuchen et al. (2022)

oxygenated layer thickness is the depth range between the ocean surface 

and the shallowest depth of the 120 ɛmol kgī1 oxygen surface



2022

Å massive multiyear turbulence (cpod) data sets from Pacific (since 2005 at 0, 140oW) 
and Atlantic cold tongues (since 2014 at 0, 23oW / 0 10oW)

Å long term objectives (not addressed here)
1. measure heat flux divergence profiles
2. quantify heating rates of deep ocean through the cold tongues

Å early results 1
baby steps to meaningful parameterization: depth/amplitude scaling collapses 
turbulence dissipation profiles in deep cycle layer (sheared region below ML and above EUC core)

0

dimensional 
turbulence 
dissipation profiles

grey/pink lines 
from short 
shipboard profiling
experiments

blue/red/black 
from multiyear 
cpod records

nondimensionalization

Å depth by deep cycle 
layer scales

Å eby TKE production

scaling collapses eby 
order of magnitude 

Å early results 2
diurnal composites show similarities in variability and magnitudes of deep cycle 
turbulence in Atlantic and Pacific cold tongues



Tropical Atlantic Current Observations Study (TACOS, AOML/NOAA)
(R.Perez & G/ Foltz)

During the first phase of TACOS (2017-2020), we added 10 current meters to the 4N, 23W PIRATA mooring. We 

found significant interannual variability of zonal velocity, and energetic high-frequency meridional fluctuations 

associated with tropical instability waves (TIWs) with fluctuations up to 1 m/sec, near-inertial waves, and tides. 

TIWs influence the surface mixed layer heat budget, and vertical shear and mixing are not constant and vary on 

small scales (Perez et al., 2019; Foltz et al., 2020; Perez et al., in preparation)

Meridional velocity signature of boreal summer TIWs during 2019:

These high-frequency fluctuations are important because of the mixing and advection that happens associated with them, 
and their impact on surface mixed layer heat budgets in the region.



An exampleof the use of PIRATA buoys meteomeasurements:  

MesoNHmodel validatedfrom Pirata
data (SST, wind, SLP, PrecipΣ ¦ϧ±Χύ

Marine AtmosphericBoundaryLayer 
upward motions in the AMI & NE Brazil, 
downward motions in the GG

Two main branches of strong vertical 
motions at 5°N et 8°N

Presence of a shallow meridional 
circulation below 4000 m

Frontogenesis and Buoyancy forcings
balanced by ageostrophicadjustment

Frontogenesis and Buoyancy heat flux 
engine of the meridional shallow 
circulation

SST does not control the wind 
convergence in the MABL unlike the 
surface buoyancy flux

Hervé Giordani and Philippe Peyrillé, CNRM/MeteoFr.


