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PIRATA Backbone, in 1999



PIRATA Timeline



2015/16 

Additions
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• New funding available from EU AtlantOS to 

enhance T/C and Velocity on additional 

moorings 

• 9 new T/C sensors at 8N38W, 4N38W, and 0-

35W (FUNCEME)

• New CO2 at 6°S, 8°E

• New real-time O2 on 3 sites
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PIRATA network status:

Maintained by Brazil: 8 Atlas  buoys Maintained by France : 6 Atlas buoys
+ At 23°W-Equator : surface ADCP mooring since 2001

Maintained by USA : 4 Atlas buoys : 2 deployed in 2006,
at 4N & 11N/23W, 2 at 20N/23W & 38W deployed in 2007

Ocean Sites reference flux (swr, lwr, rh, air T, SLP).



PIRATA BAMS paper (Aug. 2008) & new acronym:

Prediction and Research Moored Array in the 
Tropical Atlantic

The PIRATA Program:  History, 
Accomplishments, and Future 
Directions 

Bernard Bourlès, Rick Lumpkin, 
Michael J. McPhaden, Fabrice 
Hernandez, Paulo Nobre, Edmo 
Campos, Lisan Yu, Serge 
Planton, Antonio J. Busalacchi, 
Antonio D. Moura, Jacques 
Servain, and Janice Trotte 



PIRATA BRAZIL INSTITUTIONS

IOUSP
UFPE

Education &
Trainning

FUNCEME
AplicationsINMET

Weather Forecasting

DHN

Marine Operations

INPE

Satellite and Coupled Modeling



NOAA/PMEL’s ATLAS Mooring



DHN’s PIRATA Ocean Fleet
NOc. ANTARES

Amorim do Valle
2002, 2005

NPqHo Vital de Oliveira
2015, 2017-2018

1998, 1999, 2000, 2001, 2002, 2003,

2004, 2005, 2006, 2008, 2009, 2011,

2012, 2014, 2016, 



PIRATA Moored Buoys Array 
INPE’s SCD data collection

INPE’s SCD Satellite ground coverage

Cuiaba Antenna

Ground Control Room, SJC



Courtesy: McPhaden, PMEL (2016)



67
69 67

71 70 68

79

73
76

87

70

82

76

84 83
78 76

83 82

68

75 76
79 78

83 82
78

86
91

78

88

81
86 84

80 78
83

81

0

20

40

60

80

100

1998 2000 2002 2004 2006 2008 2010 2012 2014 2016

P
er

ce
nt

ag
e

Fiscal Year (Oct-Sep)

PIRATA Data Return
Real Time Delayed Mode

Courtesy: McPhaden, PMEL (2016)



Recent decrease in Web file 

downloads is offset by increase in ftp 

file downloads

Total: 2.682.000 files

Courtesy: McPhaden, PMEL (2016)
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PIRATA Peer Reviewed Journal Articles

Total: 260

Data Courtesy: Lumpkin, AOML (2017)



pCO2 sensor
@ PIRATA 
8N 38W 



PIRATA Brazil Hidrography

CTD XBT Radiosonde



CTD & XBT auxiliary data collected during 
PIRATA BR cruises

Courtesy: P. Arlino, INPE/CPTEC/LIM (2011)



Simultaneous ocean-atmos temperature 
profiling

PIRATA SWE (2005-2016)

Courtesy: D. Urbano (2008)



PIRATA BR Cruises 1998-2014

& Climo SST

Courtesy: R. Buss and team, INPE/SM (2017)



PIRATA-BR XV 2014 XBTs

Courtesy: R. Buss and team, INPE/SM (2017)



PIRATA-BR XV 2014 XBTs

Courtesy: R. Buss and team, INPE/SM (2017)



Tropical Atlantic Brazilian Islands 

(Tide Gauge Network)

ASPSP
2008 10

POIT
2012 09

Fernando 
De Noronh a
2011 03



H40 NOc. ANTARES 

7 Scientists capacity

ADCP, A-Frame, (CTD)/UCTD/pCO2, 

radiosondes, SFC Meteorology,

Year of construction: 1983

H39 – NPqHo Vital de Oliveira

30 Scientists capacity

2 ADCP, A-Frame, CTD/UCTD/pCO2, 

radiosondes/SFC Meteorology, 

ROV, 

2 Lateral Winches

Year of construction: 2015



Principal Investigators
1) INPE – Paulo Nobre

2) INPE – Ronald Buss

3) UFPE – Moacyr Araujo

4) UFBA – Vanessa Hatje

5) UFBA – Gisele Rocha

6) UERJ – Leticia Cotrim

7) UFF – Ana Albuquerque

8) UFC – Antonio Geraldo

9) FURG – Felipe Niencheski

10) CHM – Marcio Borges

PIRATA-BR XVII – NPqHo Vital de Oliveira:

“Western Tropical Atlantic Experiment”



(2)

(2)

Upper Ocean-Atmosphere 

Repeated Sampling Strategy:

180 T-S profiles

9,000 Km underway: currents, pCO2,

atmospheric particles deposition

marine microbiology; 

Micrometeorology turbulent fluxes;

66 radiosondings

PIRATA-BR XVII – NPqHo Vital de Oliveira:

“Western Tropical Atlantic Experiment”



FULL DEPTH OCEAN 

SAMPLING

60 stations down to 10m 

of the ocean floor

Currents

Temperature

Salinity

Oxigen

CO2

Marine Biology

Terras Raras

Bottom mixing layer

…

PIRATA-BR XVII – NPqHo Vital de Oliveira:

“Western Tropical Atlantic Experiment”



Micrometeorology Tower to measure turbulent fluxes 

at the air-sea interface

INPE - Ronald Buss de Souza



BRAZILIAN EARTH SYSTEM MODEL – BESM

RIOS GELO

Bioquímica Previsibilidade

Fogo Hidrologia Usos da 

Terra
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Calor
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Traços
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Annual Mean Surface Warming 

2080-
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BESM

Climate Forecast System
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BESM

PIRATA

BESM

PIRATA

FRE: Tool set developed by NOAA/GFDL for the automation of Earth System Model 

compilation-execution-plotting-validation of model results; implemented for the 

Brazilian Earth System Model (BESM) at INPE/CPTEC supercomputer CRAY EX6. 

Condições para o dia 15 de junho de 2013, na posição lat:11.487, lon -37.996

The whole process in three commands:

• FREmake

• FRErun

• FREvalidity
Allow scientists and students to do numerical 

simulations with BESM at INPE’s supercomputer, 

both locally and remotely with extreme easiness and 

flexibility of use.

TEMPERATURE SALINITY

INPE – Paulo Nobre



VPM11 Miami, 25-27 March 2008

BESM simulated & PIRATA observed

SW Radiation

8S 30W 0N 0E

Courtesy: P. Nobre (2008)



BESM Atlantic ITCZ simulations

ERAI

NCCS  (bias = -1.72;   rmse = 2.95)

CTRL  (bias = -4.38;   rmse = 5.11)

V at 10 m (m/s): 5N 30W +/- 2

ITCZ Meridional Migration
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Atlantic Meridional Mode
SST, Taux, Tauy Joint EOF1

BESM2.5 historical run (11.4%)ERSSTv4 (9.3%)

S. Veiga et al (2017) in preparation



Giarola et al. (2005)







Urbano et al. (2008, JGR)



Zonal Currents Vertical Profiles 
revealed by Noc. ANTARES ADCP PIRATA Cruises Data

EUC sNECC nNECC

First observational evidence of NECC’s northern bra nch, with ADCP PIRATA Data

Urbano et al. (2008, JGR)



Nobre et al. (2012a, JClimate)



Nobre et al. (2012a, JClimate)



BESM Predicts SACZ 

over colder Waters

Nobre et al. (2012a, JClimate)

OBSERVATIONS

MBSCG AGCM/SSTcgcm

AGCM/SSTobservations

SST-RAINFAL ANOMALY CORRELATIONS



BESM2.5 CMIP5 Runs 1850-2100

Air Temperature at 2m
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BESM CMIP5 scenarios
available through ESGF at:

https://dm2.cptec.inpe.br/projects/esgf-inpe/ 



http://besm.ccst.inpe.br/produtos/



The PIRATA Project in Brazil:

• Brazilian contribution: understanding the Atlantic Ocean role:

– On the interannual climate variability over South America

– On the global climate change.

• Utilizes national technical capabilities for:

– Ocean data collection with Brazilian Satellites

– Data processing at INPE/CPTEC

– Marine operations with Brazilian Navy

• Institutional Base:

– In Brazil: MCTIC-INPE, DHN, IOUSP, UFPE, INMET, 

FUNCEME, GOOS/BRASIL, CIRM

– Abroad: IRD, MeteoFrance & NOAA 

• Endorsements: CLIVAR e OOPC.



The Vision

• PIRATA-BR: 
– NPqHo Vital de Oliveira

– MultiScience

– Multi institutional;

• International projection:
– Public access to PIRATA data; 

– Endorsements from CLIVAR, OOPC, GEOTRACES

• Brazilian capacity to monitor and predict the blue 
ocean
– Development of the Brazilian Earth System Model BESM

– Supercomputing capacity at INPE 

– Maintenance of DHN vessels



PIRATA 20 Years Celebration

1997-2017

November 5th-

10th 2017 

FORTALEZA







PIRATA 1997-2017: 

20 YEARS!

Bravo Zulu!


