PIRATA: a 25 years observing system in the Tropical Atlantic
Status & scientific highlights
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Tropical Atlantid/ariability& societaldrivers:

.= Why a network In thetropical Atlantic ?
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Key processes and modes of variability :
Atlantic Meridional Mode, Atlantic Zonal Mode, AMOC, ENSO, PDO, NAO, AMV | etc.

A The v aofiheobeani atrhogphere 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

nort heastern Brazil.



Main goals of PIRATA
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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 ), 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:
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PIRATA = Atlantic component of the
GlobalTropical Moored Buoy Array

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

TRITON/TAO in the Pacifiem the late 80s
PIRATA in the Atlantitom the late 90s
RAMA in thdndian from the mid 2000s
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Network maintenance => PIRATA anraralses

More than 40 daysat seain average/ year/ country.
Issueduring Covidpandemic About 56dayscruisesin 2021 & 2022

eg : PIRATA-BR 2017 PNE2021b
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=> HigHogistics& costsconstraints(materialtransportfrom PMEL/Seattle to Florid&8raziland France).



PIRATA = Prediction and Research Moored Array in the Tropical Atlantic

(was « Pilot Research moored Array inthe TropicalAt | anti co from 1997 t

25vearsof adventures budget &vessekime issuessuccesses | geRelopment
from 10 to 18buoys + 3equatorialADCHnoorings + more & morsensors biogeochemistry

TAOS Review
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PIRATASouvernance
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Membersof the PIRATAResourcegoard
committeewith one representativeof eachsupportingorganism
committed througha Memorandumof Understanding(MoU)

PIRATASteeringScientific Group Y
=>4 membersof eachinitial country (Br, Fr, U$A1 of Germanyrom 2008.
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PIRATANajor collaborations

- TACE (Tropical Atlant@limateExperimen} & TAV (Tropical Atlantiéariability) groups

- AMMA AfricanMonsoonMultidisciplinaryAnalysi$ & its oceancomponent EGEE : 202910

- PREFACE (EU FRiAgacingPrediction of Tropical Atlantic Climate and its Impacf0132018

- AtlantOSH2020 Optimisingand Enhancing thintegrated AtlantidOcean Observing§ystems): 2012019

- THATLAEH2020Tropical and South Atlantic climab@sed marine ecosystem prediction for sustainanEnagement): 201-202.
& contributions toEuroSegH2020Improvingand integrating the European Ocean Observing and Forec&ystgm,)

Annualmeetings:Organizedrom severalyearscommonlywith theseinternational and EU programmes:

These collaborations allowed the network enhancement and funding of some moorings & sensors:
- 2 buoys(South East extension site)

- 2 equatorial ADCHnoorings(10dW & GE)

- Temperature, Temperature/Conductivity sensors
- CQJ/O,sensors

- Current sensorsXquadopp

- Atmospherigoressuresensors
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Buoysdata: PIRATA => Opéhata PO“CV Total rankA papers:>370

PIRATA Data Return PIRATA Data Files Delivered 40
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PIRATAhipboard/Vessel Data

. ] FR cruises BR cruises UScruises

CTD or CTDQ@depth / quasi real
time data transmission (qgrtdt)

Vertical profiles

L-ADCP
Bottle S analysis

Bottle O2analysis
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I Bottle chi pigments analysis

Bottle inorganic carbon parameters
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data transmission (qrtdt)

Continuous SST&SSS (Tsgraph)
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Surface ocean & atmosphere £O
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I Meteo
o ucer
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Surface drifters
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vital de Oliveira)
No No
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The Tropical Atlantic Observing System:

PIRATA as the major component of TAOS
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PIRATA= contribution to major scientific issues & projects:

(non exhaustive list)

Climate& Oceans role in climate variability and¢hanges:
- Tropical Atlantic zonal &eridionalmodes ofvariability
- Benguela Nino
- Mesoscaléintraseasonavariability
- Teleconnectiongwith9 b { hX b! hX X0
- Atlantic Meridional OverturningCirculation (AMOC)
- Physical biochemicalh y 0 SN} O A 2y & X

Societal& environmentalimpacts &ecosystems
- Predictabilityof ExtremeEvents (hurricanesiroughtd floods) & Impactson Human Securlty &ealth
- Earlywarning- extreme rainfallevents& related tropicaldiseasegegdengue) o
- Coral reebleaching & acidification
- Oxygen changes (OMZ) & impacts of ocean resources

o4
4 | 1Sep2017
=k

+ operational oceanography& meteoroloqy:.
- Regional and global ocean and climate modeling/prediction

- Observing System Experimen®3Es)eg EUMETNEMétéo-France/ECMWF Forecast Sensitvty to

- Observing System Simulation Experiments (QE§ESEAPODYMITL
=>improvingnumericalmodelsparameterizations& and predictability
=>improvingobservingsystem (TAOS)




T.RD Another aspect that illustrates
how beneficial PIRATA s

Capacitybuilding

Institut 4= Recherche
pour e Développement
FRANCLCE
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"RD Another aspect that illustrates
44t how beneficial PIRATA is

Capacitybuilding

Summer Schools

Institut 4= Recherche
pour e Développement
L E

FRAN

FORTALEZA - BRAZIL

N
= 3-6 NOVEMBER, 2017

TROPICAL ATLANTIC OCEAN VIEW AND DATA ANALYSIS

In the frame of the Copemicus Marine Environment Monitoring Service (CMEMS)

%‘3 PIRATA 22 SUMMER SCHOOL
Nt

40 students & young scientists attended

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



v 8 PIRATA in the future

- S First, thepriority isto continuemaintainingthe time seriesat the mooringsites

T 4997-2022

Then following PIRATA & TAO&ommendations
- More verticalresolutionin the Mixed Layer

- NewMoorings sites and integration with - More biogeochemistnto hHX [/ hH XU
NTAS/NDB@oorings: - Aerosolssensors
o - Possibly, calevelopa TAOS strategy
- 2 sites in the NorttWest with Argo 2025

- 1 site in the South (2W/-20°W already in place
from 2020 replacing the one off Congo)
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. A FEW MESSAGES
le 2@ TO CONCLUDE

PIRATAs a hugeprogramwith too few peopleinvolvedin (also on thdield to ensurehigh
guality measurement® data setsie, acquisitionfreatment, sensor©O | f A 0 NJ

Thepresentcrisisincreaseghe fundingissues (transportnaterial sensor&  OF f A 6 NJ

=>PIRATAs fragile (heedof engineergtechniciangositions &funds)

A lot ofin situdata are «sleepingn X5o0USE THEM amuiblish=>better visibility of PIRATA data setishness$

Please do notforgetall engineers& crewswho do the job «on thefield » & datatreatments
=>
acknowledgmentan (orevencontributions to) publications/communicationsingPIRATA data sets

LoRgVifdto BIRATA.S



Thank you/obrigadia/melci



%, SUPPLEMENTARY SLIDES IF NEEDED
S - & (if 1h)

- ‘997:2022-+‘ A FEW EXAMPLES OF SCIENTIFIC HIGHLIGH
o & PRESENT GOING ON WORKS

COLLECTIVE PRESENTATION:

PleasePhilip, PeterRenellysDNBE 33 Cf 2 NS Y (dnme!SNIISZ C



-+ Afew examples of howeneficial PIRATA is ?

' L e Predictabilityof ExtremeEvents (hurricanesgjroughts floods)
S Impacts onHumanSecurity &Health

Hourly Data Hourly Data
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.+ Afew examples of howeneficialPIRATA is ?

. ¢ und Predictabilityof ExtremeEvents (hurricanesgjroughts floods)
fe i Impacts onHumanSecurity &Health
g P Yy

1 Early warning- extreme rainfall events
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-+ Afew examples of howeneficial PIRATA is ?

, (e Predictabilityof ExtremeEvents (hurricanesgjroughts floods)
s «3 Impacts onHumanSecurity &Health
& A997-2022
. . . . L L L LA L L N | RLEL L B
q Early warning- tropical diseases (Dengue) NI N
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A few examples of howeneficial PIRATA Is ?

Impacts onEcosysteniHealth

{ Coral reef bleaching
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Combined velocity data from the
PIRATAnooredsurfacebuoyandthe
GEOMARSsubsurface mooring into
one comprehensivedata set is now
publiclyavailable

Fultdepth coverage allows for
iInvestigatingvarious componentsof
the equatorial current system and
their changeson time scalesof days
to decades

Maintainingthis moored observatory
IS crucial for studyingvariability and
trends of equatorial oceandynamics

on climate relevanttime scales
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Long-term ocean observatory reveal intensification S

of ocean circulation (Brandt et al. 2021)

20-year moored time series of full depth equatorial currents
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oxygenated layer thickness is the depth range between the ocean surface
and the shallowest depth of the 120 emol kg'! oxygen surface



Deep Cycle Turbulence in Atlantic and Pacific Cold Tongues
Geophysical Research Letters 2022
James N. Moum' ", Kenneth G. Hughes!, Emily L. Shroyer?, William D. Smyth!, Deepak Cherian®, 10.1029/2021GL097345
Sally J. Warner?, Bernard Bourlés® |/, Peter Brandt®’ "', and Marcus Dengler®
A massive multiyear turbulenceod) data sets from Pacific (since 2005 at 0,°¥4)0

and Atlantic cold tongues (since 2014 at ®\23 0 10W)

A long term objectivesnot addressed heje
1. measure heat flux divergence profiles
2. quantify heating rates of deep ocean through the cold tongues

A early resultsl
baby steps to meaningful parameterizatiatepth/amplitude scaling collapses
turbulence dissipation profiles in deep cycle layasared region below ML and above EUC core)
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A early result2
diurnal composites show similarities in variability and magnitudes of deep
turbulence in Atlantic and Pacific cold tongues




Tropical Atlantic Current Observatidstsidy (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 (TIWSs) with fluctuations up to 1 m/sec, near-inertial waves, and tides.
TIWSs 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:
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These higHrequency fluctuations are important because of the mixing and advection that happens associated with the
andtheir impact on surface mixed layer heat budgets in the region.



Anexampleof the use of PIRATAIOys meteo measurements  Hervé Giordani and PhilipfReyrillé CNRMMeteoFt

MesoNHmodelvalidatedfrom Pirata
data (SSWwind, SLFPreciz | 3 £ X

Marine AtmosphericBoundaryLayer
upward motions in théAMI & NEBrazil,
downwardmotions in theGG

Twomain branches of strong vertical
motionsat 5°N et 8N

Presenceof a shallow meridional
circulationbelow 4000 m

Frontogenesisind Buoyancyorcings
balancedby ageostrophiadjustment

Frontogenesisind Buoyancy heat flux
engineof the meridional shallow
circulation

SSTdoes not control the wind
convergencen the MABL unlike the
surfacebuoyancy flux



