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Science & societal drivers:

Rainfall

Tropical cyclones
Biogeochemistry, carbon, OMZ
Ecosystems and pollution

et
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— Environmental and societal impacts in

Northeastern Brazil

teleconnection

TROPICAL

Equator

Warm pool

] ATLANTIC

ITCZ: Inter Tropical Convergence Zone

PDO
Trade winds
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ENSO: El Nifo-Southern Oscillation NAO: North Atlantic Oscillation
PDO:Pacific Decadal Oscillation AMV: Atlantic Multidecadal Variability
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AMOC: Atlantic Meridional Overturning circulation

Foltz et al., 2019



PIRATA in the Tropical Atlantic : why ?

l : M
o i —» Fundamental scientific issues
—> Societal needs for improved prediction of the climatic variability and its

impact on the regional hydroclimates
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Main objectives :
1- Improve the description of the intra-seasonal to inter-annual variability in the

atmospheric and oceanic boundary layers in the tropical Atlantic

2- Provide a set of data useful for developing and improving the predictive models of the
3

ocean-atmosphere coupled system
GMMC 2019, Toulon, France, 12-14 juin 2019
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CLIVAR-WCRP (15t PIRATA Review)
17 ATLAS buoys
+NEE: 4 buoys

10 ATLAS buoys

Short/Long term Forecasts:
/%;3 Continuous and long term observations are needed
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TAOS Review underway

18 ATLAS buoys (2nd PIRATA Review)

11 T-FLEX + 7 ATLAS

# % | +1 buoy (Off Congo)

11T+4C .
2 press. +SWE: 3 bqus ‘ + 18 OTNs (All sites)
1 ADCP (2001 ...) (6 flux ref. sites) B + 10 ypods (2 sites Eq.)
+ 2 ADCPs and CMs (Eq.)
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Pilot Consolidation (MoU-3) (MoU-4)
Phase Phase . >
(MoU-1) (MoU-2) +10 CMs TACOS (1 site 23°W)
+ 2 fCO, ° > + 1 fCO2 (Off Congo)

i (2 sites - ARP)

+ Bar. Press. (1 site )
+ 9 T/C (2 sites 10°W)
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ction and Kesearch moored Array in the Tropical Atlantic

10 ATLAS buoys

11T+4C
2 press.

Short/Long term Forecasts:

Continuous and long term observations are needed
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PIRATA ATLAS buoys:

1 ADCP (2001 ..,

Measured Parameters :
Atmosphere:
- wind (direction, speed)
- relative humidity
- air temperature
- precipitation
- incident radiation
Ocean:
- temperature
(11 levels from surface to 500m)
- salinity
(4 to 9 levels between 0 & 120m)
- pressure (at 300 & 500m)
- surface currents at 4 sites

- Daily averaged data transmitted in real time by Argos;
- High frequency data (10mn) available after servicing operations

[AOS Review underway
(2nd PIRATA Review)

11 T-FLEX + 7 ATLAS

7 2018 2019
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(MoU-4)

»
»

Ns TACOS (1 site 23°W)

12 (Off Congo)
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T-FLEX implementation is underway ...

From 2015 11 T_FLEX buoys Next Generation ATLAS Moorin?; =

e ‘:-«J/. o
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ATLAS T-FLEX

GMMC 2019, Toulon, France, 12-14 juin 2019

Improving PIRATA network
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2015

PIRATA: ATLAS to T-Flex Implementation
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Predictability of Extreme Events (hurricanes, droughts/floods)
Impacts on Human Security & Health
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Prediction and Research moored Array in the
Tropical Atlantic — PIRATA network

18 meteo-oceanic buoys : ATLAS & T-Flex
atmospheric parameters + EOV (T, S,
+ currents on some sites)

- OTN (acoustic sensors) at 200 m

- Xpods (turbulence) at 23W-0ON & 10W-0ON

10°S

- 3 surface CO, sensors 38W-8N, 10W-6S, 8E-6S

_0°S - 2 O, subsurface sensors at 23W-4N & 23W-11.5N
T r
60°W 40°W 20°W 0°E 20°E - 3 ADCP moorings (0-300 m) along the equator at
B Standard ATLAS @ ADCP s Flux Reference Site 23W, 10W & OE
@ Northeast Extension [ Southwest Extension *Southeast Extension
O Meteo France BP B C0,/0; Enhanced ATLAS ( :‘J 0, Enhanced ATLAS
O New T-Flex systems € Additional ADCP @ oIN

X Chipods © Ccurrentmeters GMMC 2019, Toulon, France, 12-14 juin 2019



Open Data Policy

L e PIRATA Data Files Delivered 35
PIRATA Data Return Web Downloads (1999 to 2017) = 824,991 I on-peer reviewed
®ReslTime  ®Dslayed Mode FTP Downloads (2007 to 2017) = 2,504,503
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::fd':‘“on and Research Moored Array in the Tropical "f pi Home SobreoPRATA  Ext At dlatorios  Contato Physical Oceanography Division (PhOD)
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b"él NOAA + Our Division « Research 0 Observat RATA Northeast Extension + _m
. Last PIRATA publication on Earth and Space Science o
Olobal Traplcal Moored Buoy Arrey it Sdet @ (¢) [ Olobel Tropcal Moorad Buoy Arrey TR Q) (3)
ozl inganed . - lamtovrbospizenSonarnd Weicome . Introduction
| 1 ] i | mmmg v | Aoout PIRATA The PIRATA Northeast Extension (PNE) project is a joint AOML and PMEL effort to expand the PIRATA array of tropical Atlantic
w o - fort ond ATLAS moorings into the northern and northeasteen sectors of the Tropical Atlantic Ocean, Links below provide more information
I - [ PRDTD e odogd on PIRATA, the climate significance of the Tropical North Atlantic, PNE cruises, and related projects such as AMMA, TACE and
50 Tomeé Island > TA DD AEROSE
: AlADH
rench team ,H'
About PIRATA The Tropical North Atlantic
%, The PIRATA project is a joint eflort EgEaeg | The Tropical North Aulanic (TNA) region
DapandProduds  » P between Brazil, France and the United is of particular climate significance for
G B ‘E Sutes  fo  collect oceanic  and m ninfall pattems in the United States,
ooy Prediction and Research Moored Aray in the Tropical Atlantic (PIRATA) is a multinational program initiated in 080 ko meteorological observations in the tropical central and South America, and Affrica. It
Reports 1957 in the tropical Atlantic to improve our understanding and ability to predict ocean-atmosphere variability. I Y Atlantic, PNE is the Northcast Extemsion of this | is also the region where Cape Verdestyle hurricanes
PIRATA consists of a network of moored buoys providing meteorological and oceanagraphic data transmitted in . iy Vo project tropical Atlantic, More. develop from African casterly waves ... and where many
Publcatons real time to address fundamental scientific questions as well as societal needs. ‘,/" 1RA TA 6 . waves do not intensify into tropical cyclones. More.
Latest news ‘The network is maintained through dedicated yearly cruises, which allow for extensive complementary shipboard = ]
Taks measurements and provide platforms for deployment of other components of the Tropical Atlantic Observing v g [}
System. 0 " PNE Cruises Related Projects
. ‘This paper describes network enhancements, scientific accomplishments and successes obtained from the last 10 L 4 g Fiach year, an occanographic cruise is used M ] AMMA,  TACE  and
years of ions, and additional results enabled by cooperation with other national and international 2 0 1 to service the PIRATA  Northeast a | AEROSE are international
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g;;;c:;;:’:\ﬂ:ga ’amiz\::: role of PIRATA in a future Tropical Atlantic Observing System that is presently ; -4 ;’ dogrees west i the TNA region. More ad PIRATA. More.
omoct | ' .
P More...
Flotte Océanographique Francaise

www.pmel.noaa.gov/gtmba/

www.brest.ird.fr/pirata/

pirata.ccst.inpe.br/

AOML compaorst ofthe PIRATA Northeas Exsenson b asaged by Revulys s

www.aoml.noaa.gov/



= Prediction and Research moored Array in the “‘""“»
Tropical Atlantic — PIRATA - Se rvicing Cruises ;?GF'

Typical sea work year:
T-FLEX/ATLAS moorings deployed: 18

Maintained by USA: o Shiptime: ~ 120 days
4 buoys + sensors calibration PIRATA Cruises Oct 2017 - Sep 2018
25°N f/ - S w _
20N ¢ e o
Y addston  © -

15°N
10°N B
5°N
0
5°S
10°
15°5 i§

20°S ..V,, Maintained by France

Maintained by Brazil: 6 buoys + 3 ADCP moorings
8 buoys 40°W  30°W  20°W  10°W  0° 10°E

Browax(US) ©
Mar = Apr 2018

X f b -7 Vital de Ol_iveiraora ) _ |
@w 28 / Z.)) ) Oct 2017 - Jafi-2018 '! : > \ N

T o0E Yearly cruises === repeated sections with CTD profiles
at 38°W(BR), 23°W (US), 10°W (FR)



= From 2003 : deployment of ARGO profilers L e
ra 1/3 in the eastern tropical Atlantic :

i A4997-2019

T Contribution to ARGO, through CORIOLIS

About 6-8 deployments during yearly French cruise : Vertical resolution:
142 profilers deployed from 2003 = Data in poorly documented regions (southeast) 0-100m = 1m
R R R R N S 100-200m = 5m
= J 2 PIRATA FR29 200-2000m = 25m
' * ACTIVE FLOATS
g ® OXYGEN FLOATS
=5 i From 2013 : profilers with enhanced vertical
- © BT resolution (1m)
R.\\‘_f‘ ‘\\ﬂ L BUOY
AN S From 2016 : profilers with “double” programmation
i g S ® From 2017 : profilers with O, sensors
e 10 o 1R [l In 2018: 2 deep-ARGO profilers (T, S, O,)

------

10°5

Courtesy: N. Poffa

= !
15§ 2070 1570 (9] 5 5 E

=> need of T/C measurements for ARGO profiles validation down to 2000 m (or 4000 m for Deep-ARGO).
— All CTD-0O, profiles are down to 2000m depth during all PIRATA-FR cruises.




@-J\T From 2005 : deployment of surface drifters

/; in the eastern Tropical Atlantic
o7 (SVP, SVP-B, SVP-BS)

Contribution to Global Drifter Program (GDP/DBCP)

From 5 to 25 deployments during yearly French cruise :
136 drifters deployed from 2005

Through Meteo-France, NOAA/AOML & contribution to AtlantOS

Vo SR N

Example:
Trajectories of the SVP deployed during
PIRATA-FR cruises between 2016 to 2018

as contribution to AtlantOS & NOAA GDP
(M. Le Garrec, pers. comm.)
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Network integration: by cooperating/supporting different networks

Number of deployed Argo profilers, XBT, SVP, Radiosondes and Ozone sondes during PIRATA cruises (1997-2017)

w 3861

Number of ARGO
Number of XBTs

02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17

0
979899000102030405060708091011121314151617
Year Year

200 - ll:|olzo.nesc;ndes o O: 194 ‘
-Radlosondes R : 1007

" Drifters 302 :

Number of Sondes

50

99 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17
Year

Year
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1) CARIOCA systems added at the buoys
located :

-at 6°S-10°W (from 2006)
- at 8°N-38°W (from 2008)
- at 6°S-8°E (from 2017; AtlantOS).

2) Continuous pCO2 measurements and °

surface samplings along the tracklines Sl O A

(every 1°- 2°) for DIC, TA

Contribution to ICOS-Ocean

Samplings along the vertical (0-100m)
during CTD-O, casts at the buoys

PIRATA FR29

A

=>Amazon & Congo influences ?

8°sr

PI: N. Lefévre (IRD, Paris) -

180y a%yy

o

9"E

From 2006 : acquisition of CO, parameters

6°S-10°W (2006-2019)

2006 —— 2007 2008 2009 — 2010 2011 2012 2013:

@ ol

g 2655-"'1, ¢

' New CO, sensor

= Moored and ship-based CO2 data are available through the Surface Ocean CO2 Atlas (SOCAT, www.socat.info)




Prediction and Research moored Array in the Tropical Atlantic - PIRATA

EOVs integration: by integrating physical-biogeochemical-biological measurements

Nutrients, pCO, (underway and fixed moorings), O, (OMZ), Chlorophyll pigments, Plankton, Acoustics, Mammals (OTN), Tuna Hg
contamination

PIRATA-FR26 - Nitrates concentration by depth

| 0 2 0
- NOj4
P } E | | 5 i3
3 s ™ Plankton
: b
~ i
1: § g g i, 8 S 8 o § 8 R
' 20°E ; S Larce o )
@:CO,sensor @ :0,sensor ©: Currentmeters X: Turbulencesensors Llnk Wlth ACOUStIC data
BP : Barometric pressure sensor (and T/S/OZ/ADCP/nUtI'IentS/Ch| p|g mentS )

" Surface Chla

L]
pg -1

2
s °
E N A mo (day 19) 08:18 (day 19)
8

Ceaono ((gu=aates) @

¥ % l M igrants Non migrants

| 3
L
e
M
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L] ®
.
oo 001
[ k- oo
! o ’
H @ . o
0 0 10 20 30 20 A0 0 10 20

Courtesy: B. Bourlés
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How beneficial PIRATA is ?

Capacity Building

Master in Physical Oceanography and Application - M2 OPA (Cotonou, Benin)

(LONG TERM) COOPERATION UFPE-IRD-UPS-UAC

Bevalide > R
~UPS™
2 UcrAnia
| (Toulouse)
4 hee
/
Ponugal  f | s Lo
L
e e | - 1
3 n/, ""’,,’ Lt Eqhe
— 2 g I
ol —r
el / |
o S i e W F 35
coona (R MR 2 L T — 30
lgeio DA 1 S - Tl AN ——
R S Uhe o
. - | (Cotonou) “™* ' s 25
Pary > o
% ™ Madn. S Zambie
el W UFP_E s 20 M number of peer reviewed
8 3 (Rec.fe) nnnnnn 2mbthue
el /o3 Botsusns papers
O 15 . .
cwanu M papers with African partners
10
Institut 4« Recherche 5
pour l= Développement L I I P
FRAMCE 0 ..I\I. T T |ITIT
P00 Qoo W O = NmMm< W W
R A== == e e lle e o] —
N NO0O0O000000C0O00000000Q
SHAAdNNNANNNNNNNNNNNSNNSN

N UNIVERSITE
)TOULOUSEm

NE b Shtans =5 - 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);

- >100 students formed from 2008 (Benin, Ivory Coast, Cameroon, Togo, Ghana, Senegal, Nigeria);
- >43 Continued in PhD: in France, Brazil, South Africa, Germany, Canada, Cameroon, Benin, ...
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= PIRATA is a platform for several additional measurements
= PIRATA servicing cruises offer repeat section sampling and additional experiments

» Contrib

. Contrib|200'\I
« Sea wa10°N
« Calibrat

* Buildinc

* Real-tin10°s
* Impact: 00

IN THE FUTURE

"~ E NTAS

ADCP
o CO2

©0,

M PIRATA (T-Flex)

@ Ocean Tracking Netw#sl

Conclusions and prospective

BGC Argo
Deeq) Argo

80°W

60°W 20°E

Sustain the existing network to carry on long term time series

ers...)
gments...)

lers

Number of Argo profiles

value

1 2019):

Increase T/S sensors in the mixed layer, add surface currents and fluxes measurements

Upper ocean mixing sensors at few sites

Expand biogeochemical measurements at every site

Extend PIRATA array (new moorings) in the South Atlantic, and in the North Atlantic warm pool

GMMC 2019, Toulon, France, 12-14 juin 2019
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PIRATA: A Sustained Observing System for Tropical Atlantic
Climate Research and Forecasting
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P How beneficial PIRATA is ? A &

OSEs and OSSEs =L

s
s

e Observing System Experiments (OSEs) — EUMETNET/Météo-France/ECMWEF (*)

Number of observations For PIRATA moored buoys:
(a) = 0.000055% of the total number of observations assimilated;

(b) =0.006076 % of the total 24-hour global error forecast reduction.

H Satellite
B Altitude (a)
m Land surface
///// ~
M Sea surface

\ﬁ——-—’

IF (PIRATA moored buoys) = 110

IF = (b)/(a) IF (drifting buoys in the tropics) = 128
IF (drifting buoys on the surface of the globe) = 400

Forecast Sensitivity to

Observations _— | , IF (other surface marine observations) =5
= Altitude mpac IF (surface land-based observing systems) = 4
= Land surface FaCtOl" . . . . . .
o ST (b) IF (upper-air observing systems, including aircraft and radiosondes) = 2
—————— - IF (satellites) = 0.8

(*) P. Poli et al. (2018). How useful are PIRATA mooring surface pressure data to improve the weather forecasts ?
doi:10.5281/zen0do.1164620. EUMETNET and Météo-France.
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Open Data Policy:

Tropical Atlantic real-time transmitted data are ingested into operational systems

1 week positio
\v' ,,u, w\'(,

f

0 *\‘

‘Wf Y

' M/ w

‘?N 4 \

,\‘

0

M i

\J[A\\*fn @A\\d ‘}?\8 ”' é'A 1\\\0//

of Assimilated data in MERCATOR 1/12

‘v;\v,”' ‘} \
\\ " .!
‘Oi

i

\(’

I

30°N

25°N

20°N

15°N

I;

\\,.p

fﬂ

i

\\..*

A\k\ \

10°N

5°N

0°

5°5

10°s

15°S

20°S

25°S

30°S

75“W70“W65“W60“W55“W50W45W40W35W30W25W20W15W10W 5W O 5°E 10°E 15°E

Data assimilated by Mercator 1/12° operational system, 4-11 july 2018 (courtesy of C. Regnier, Foltz et al., 2019)
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ion and Research moored Array in the Tropical Atlantic

t
Tropical Atlantic Currents Observations Study (TACOS, R. Perez)
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Prediction and Ressarch moored Arcay in the Tropical Aflantic

From 2011: Acquisition of Chl pigments (HPLC)
in the eastern Tropical Atlantic

Surface samplings along the
trackline (every 2°)

Samplings along the vertical
during CTDO,, casts

(S. Hillion, IRD-Brest)

PIRATA-FR25
SEA SURFACE PRACTICAL SALINITY
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Up: Surface Chl pigments concentation
during the PIRATA FR25 cruise -March/April 2015-

(J.Habasque, IRD-Brest)

Left: surface SSS & SST along the PIRATA FR25
trackline (J.Grelet, IRD-Brest)
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(but depending upon the research vessel equ:pment) 2%,

/»V“ P' e Acoustic measurements

*Qf R/V Thalassa=>  Multifrequency acoustic data (18, 38, 70, 120, 200 and 333 kHz) N
=> information on biotic and abiotic ecosystem components.

Spatial awwwds ke
1

24N

] = Analysis of the pelagic organism spatial organization,
the planktonic biodiversity, as well as upper trophic level
marine organisms in relation with ocean conditions in
contrasted regions (fronts, upwellings, currents shear...)
+ diel vertical migration.

2015 2016

PIRATA FR25 - 18 kHz - Echointegration by layer 1 m - Threshold at -100 dB - ESU of 0.1 nmi PIRATA FR26 - 18 kHz - Echointegration by layer 1 m - Threshold at -100 dB - ESU of 0.1 nmi

The 2015-04-04 at 14:31:32 to the 2015-04-07 at 14.55:40 The 2016-03-18 at 03:02:48 to the 2016-03-23 at 19:50:15
. . v 3 -
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