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This talk is about building a global array of profiling floats with chemical and
biological sensors.
How does it relate to UNOLS?
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UNOLS Fleet Improvement Committee 1990-1994

UNOLS Chair 1994-1998
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~18 months on UNOLS vessels: Cayuse,
Velero IV, New Horizon, Sproul, Wecoma,
v\ W Columbus Iselin, Point Sur, Atlantis Il (and
Alvin), Melville, Revelle, plus Navy, European,
Canadian, MBARI ships
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Global Ocean

Biogeochemistry Array

GO-BGC & SOCCOM rely
on UNOLS!

Thompson, Revelle,
Sally Ride, Kilo Moana,
Atlantis, Armstrong,
Sikuliag, Palmer,

Ron Brown

Australia, Canada,
Germany,

India, Japan,

Korea, New Zealand,
South Africa, Spain,
Russia, United Kingdom
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In the future, “vessels will be support, not monitoring platforms” Mel Briscoe, 2010.

Astronomers no longer go to the “observatory”. Data comes to them from the observatory -
think Hubble Space Telescope.

What does a global, BGC-Argo array mean for UNOLS?

We can use ships more efficiently with a global network of sensors.
Process-oriented studies can be more focused.

There will be an increasing amount of ancillary ship use to deploy platforms.

There may be a need for a new class of ships that just support deployments with reduced
capital and operating costs.
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There is an imperative to improve ocean observing!
Oceans are undergoing remarkable stresses:

e Warming e Acidification e Ice melt ¢ Oxygen loss e Circulation changes
e OQOver fishing ...

Sea surface average temperature vs. day of year ANTARCTlC SEA |CE
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The Argo array has transformed physical oceanography!

Ships last 100 years Number of temperature
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Annual Review of Marine Science

Gregory C. Johnson,' Shigeki Hosoda,’

Steven R. Jayne,® Peter R. Oke,* Stephen C. Riser,’
Dean Roemmich,® Tohsio Suga,” Virginie Thierry,®
Susan E. Wijffels,’ and Jianping Xu’
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We need a new approach to sustained ocean observations.
Robotic observations with Biogeochemical-Argo!

Argo profiling floats
with chemical &
biological sensors

¢ Enough batteries for
20 min on sea surface ~250 cycles from

o = ! Collect 2000 m to su rféce
< W\, | 1tol0days______ [l >3 year mean |ife at
m drifting 'l.' profile 1 cycle/10 days
ey D) ; * All data available
\ ! ascen .
; within 24 hours
2000 m without restriction
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The 2016 Biogeochemical-Argo Science & Implementation

Plan
An international plan.

1000 profiling floats with
— O,, pH, NO.", bio-optics

Array size set by analysis of science
requirements

Data freely available in real-time.

US provides 500 floats

bdge ochem,cal http://biogeochemical-argo.org
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An observing system simulation for Southern
Ocean carbon dioxide uptake

Joseph D. Majkut, Brendan R. Carter, Thomas L. Frélicher, Carolina O. Dufour, Va FIOUS assessments
Keith B. Rodgers and Jorge L. Sarmiento .
~y
Phil. Trans. R. Soc. A 2014 372, 20130046, published 2 June 2014 find that ~1000 fl oats,
AT
Journal of Geophysical Research: Oceans Spred d gIO bal Iy, greatly
RESEARCH ARTICLE  Observing System Simulation Experiments for an array of red uce unce rta | nty | N
: autonomous biogeochemical profiling floats in the Southern
Special Section: Ocean BG C p rocesses .
; na s e Igor Kamenkovich' 2, Angelique Haza' '/, Alison R. Gray2:3 (), Carolina O. Dufour24 (), and

Zulema Garraffo>

_——
Journal of Geophysical Research: Oceans

RESEARCH ARTICLE  Correlation Lengths for Estimating the Large-Scale Carbon and
; Heat Content of the Southern Ocean

Special Section: M. R. Mazloff1 (), B. D. Cornuelle?, S. T. Gille (), and A. Verdy’

Biogeosciences, 18, 509-534, 2021
https://doi.org/10.5194/bg-18-509-2021
© Author(s) 2021. This work is distributed under

Assimilating synthetic Biogeochemical-Argo and ocean
colour observations into a global ocean model to inform
observing system design

David Ford
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B SO s ot 0° Southern Ocean Carbon and Climate
‘ Observations and Modeling (SOCCOM):

© UW/MBARI Floats
10-Nov-2023

Initiated in 2014 with NSF OPP funding.
Renewed for four years (2021-2024)
270 floats deployed, 138 active.
Oxygen, pH, nitrate, bio-optical sensors
176 peer-reviewed papers

SOCCOM-3 proposal in review

G

https://soccom.princeton.edu

SOCCOM
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SOCCOM Leadership

: THEME | .
Director THEME | Theme | Observations
. Lead: L. Talley, Scripps Inst. of Oceanography
E me r|tu S Co-Lead: S. Riser, University of Washington
Jorge Lynne Talley
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A.Verdy, SIO
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, Steve Riser
L Talley, SIO
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Johnson,
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Project Manager: R. Hotinski, Princeton | J Wi.
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- Administrative Support: L Matecha, Princeton Joellen Russell Matt Mazloff Curtis D h
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Manager THEME I THEME Il ' Princeton
g eV Up2ulEd Theme Il Broader Impacts
Roberta i), sl iy o At Lead: H. Cullen, Climate Central "
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Princeton MBARI
GFDLULTRA-HIGH | BIOGEOCHEMISTRY OUTREACH EDUCATION & DIVER-
RESOLUTION CLIMATE | J. Sarmiento, Princeton COORDINATION SITY COORDINATION
MODEL ANALYSIS H. Cullen, Climate J. Sarmiento, Princeton
J. Russell, UA Central
OBSERVATION CARBON & SHARING OF DATA& | TECHNOLOGY
SYSTEM SIMULATION | ACIDIFICATION MODEL RESULTS TRANSFER
EXPERIMENTS RA. Feely, NOAA PMEL R. Key, Princeton K. Johnson, MBARI
|. Karnenkovich, U Miami L. Juranek, Oregon State S. Riser, UW S. Riser, UW
J. Sarmiento, Princeton J. Russell, UA




Global Ocean Biogeochemistry (GO BGC) Array

* Oct. 29, 2020, NSF made a 5 year award
for the GO-BGC Array

« 500 profiling floats GLOBALLY.
* O,, NO,, pH, bio-optics.

» Partner institutions:
* Monterey Bay Aquarium Research
Institute
 University of Washington
» Scripps Institution of Oceanography
* Woods Hole Oceanographic Institution
* Princeton University
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GO-BGC and Mid-Scale Research Infrastructure-2

MSRI is one of NSF’s 10 Big ldeas

The Mid-scale RI-2 program will NOT support proposals that include the following:

Pre-implementation research and development and other community or technical preparatory activities;

Sclence research (except for validation of operational capability )

Post-implementation research, operations, and maintenance; and

(General-purpose support systems and equipment that are not directly required for the implementation and eventual operation
of the proposed infrastructure.
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SOCCOM and GO-BGC are the primary US contributions to BGC-Argo.

4+ Sensor BGC Argo Floats
13-Nov-2023

Floats with 4 sensors: 54
Floats with 5 sensors: 239
Floats with 6 sensors: 45

MBARI floats in yellow

60°E 120°E 180° 120°W 60°W 0°

18 + nations deploying floats with 1 or more BGC sensors

AUSTRALIA (12) CHINA (21) FRANCE (110) +« IRELAND (2) NORWAY (27) e UK (15)
» BULGARIA (6) e EUROPE(21) e GERMANY(9) e ITALY(18) POLAND (8) e USA (264)
e CANADA (45) . FINLAND (3) e INDIA (8) e JAPAN (5) s SPAIN (1) OTHER (2)
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A Oxygen at 300 m (umol kg™')
BGC-Argo observations are nearly BGC-Argo Floats R

indistinguishable from high
quality lab measurements, with o’
greater temporal resolution. ol S
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BGC-Argo floats provide a view into the ocean interior that is not possible with satellites
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)) SOCCOM
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1500

JGR Oceans

RESEARCH ARTICLE  Southern Ocean Acidification Revealed by Biogeochemical-
10.1029/2022JC019530 Argo Floats

Py Folnim Matthew R. Mazloff! , Ariane Verdy' *, Sarah T. Gille' ©, Kenneth S. Johnson? ©,

* Wenmacet Kniovel 12 Bruce D. Cornuelle! ", and Jorge Sarmiento®
Southern Ocean pH mapped product.

https://soccom.princeton.edu




Calculating surface ocean pCO, from biogeochemical Argo
floats equipped with pH: An uncertainty analysis

N. L. Williams' ', L. W. Juranek’, R. A. Feely?, K. S. Johnson® ', J. L. Sarmiento®' /, L. D. Talley® ",
A.G.Dickson® ', A.R. Gray®' , R. Wanninkhof®' , J. L. Russell”’ ", S. C.Riser®, and Y. Takeshita®

BGC-Argo floats with pH sensors
can provide an estimate of pCO.,.
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Global

Biogeochemical Cycles’

Research Article & OpenAccess (€ @

The Southern Ocean Carbon Cycle 1985-2018: Mean, d) PCO,-products d) pCO,-products
Seasonal Cycle, Trends, and Storage

Judith Hauck B4 Luke Gregor, Cara Nissen, Lavinia Patara, Mark Hague, Precious Mongwe,
Seth Bushinsky, Scott C. Doney, Nicolas Gruber, Corinne Le Quéré, Manfredi Manizza,
Matthew Mazloff, Pedro M. S. Monteiro, Jens Terhaar ... See fewer authors A

pCO, — products are

Machine Learning | | 5‘ «?‘
(Neural Networks) , & 5
products fitted to & g

. - -1 o N
SOCAT (Shipboard) pCO, Q 3

observations

Almost all SOCAT data is
summer time.

2015-2018 4
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Surface CO, Measurements from Research Vessels (UNOLS)
Opportunities (rik.wanninkhof @noaa.gov)

Automated surface water CO, measurements (Underway pCO,) are the cornerstone of global air-sea
CO, flux estimates
As part of SOCONET, measurements will be increased with uniform high-quality data to improve
products and product delivery to meet the WMO-Greenhouse-Gas watch (G3W) deliverables
Research vessels are uniquely positioned to contribute:

-Onboard expertise: Marine technicians

- Required infrastructure (scientific seawater line, thermosalinographs, MET sensors, internet

controlled, laboratory environments)

- Sampling of data in sparse regions of the ocean
Value added: Observations can be used for checks/validation of other data (e.g. BGC Argo) and
contribute to many contemporaneous biogeochemical studies (Oz/Ar, NCP, plankton)
Several (=4) of the new RVs are being outfitted with state-of-the art systems (General Oceanics)

Outputs of G3W

v" Monthly GHG net fluxes with
1x1 degree horizontal
resolution and a maximum
delay of one month;

v' Other policy-relevant output.

G3W objectives

Example of product: Fluxes for July 2020

Current measurements

Red NOAA Sg@one




Surface CO, Measurements from Research Vessels (UNOLS)
Challenges

Automated underway pCO, instruments are complex

Require training in operation

Systems need routine maintenance and checks (= 20 minutes/day)

Systems require extra attention for startup and shutdown (= 4 hours each cruise)
Requires shoreside support for assistance in more complex issues

Data reduction, quality control, and submission requires special expertise
Oversight is beneficial

OO OO0 OO.dOOd

Systems have successfully operated on UNOLS vessels (e.g Thompson, Walton Smith,

A

Setup of GO system on the Walton Smith

UW pCO, data from UNOLS ships in SOCAT



Surface CO, Measurements from Research Vessels (UNOLS)

Approach, Requirements and Resources (rik.wanninkhof@noaa.gov)
Approach:
[ Follow example of NOAA Ship Ronald H Brown: operations since 1998
Close interaction of marine techs on ship with shoreside experts
Marine techs take responsibility of operations at sea
Shoreside experts responsible for remote assistance, data reduction, QC and delivery
Uniform instrumentation and infrastructure
Requirements:
[0 Dedication and commitment from all parties
0 Support from home institutions and command of ships
0 Interaction between marine techs on ships and shoreside experts (communal
knowledge)
Resources:
0 Instrument and infrastructure (= $150 K) (already available on several UNOLS RVs)
[0 Annual maintenance (= $10-20 K)
[0 Personnel time total = 1 mo/yr marine tech ; 1-3 mo/yr shoreside expert for support
and data reduction
NOAA's SOOP-CO, group interested in collaborating in a UNOLS UW pCO program

(mmmd)@mm@ma:ﬂ&hﬂ-

I s [ |

UW pCO, data from over 200  ~ %
cruises from the BROWN have

been submitted to SOCAT

Sceonel
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Remote assessment of the fate of phytoplankton in
the Southern Ocean sea-ice zone

Sébastien Moreau® 2%, Philip W. Boyd 2 & Peter G. Strutton® 23

Floats with bio-optical sensors reveal what
nrocesses trigger the North Atlantic bloom
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GO-BGC & SOCCOM data are freely available in real time
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ecosystem from the seasonal mixed-layer pump
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GO-BGC Outreach Efforts

* MATE Floats! In the ROV Challenge

- Marine Advanced Technology and
Education (MATE) Il

 Adopt-a-Float Program
- each float is paired with a classroom

e Educator Workshops
www.mbari.org/EARTH

 Researcher Workshop - June 28/30

 MakerSpace (UCSD-SIO)
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AdoptAFloatViz 6.0

Data visualization for adopted floats from the SOCCOM and GO-BGC projects,
US NSF sponsored projects focused on carbon and climate in the Global Ocean.

Connecting floats and schools across the country through the Adopt-A-Float program!
Click here for quick instructions on how to use this interface.

GO-BGC Adopted Floats SOCCOM Adopted Floats SOCCOM Interactive Map

Adopted floats are either Webb Research Apex or Sea-Bird Electronics (SBE) Navis profiling floats. Both models use
ISUS/SUNA nitrate sensors and Deep-Sea DuraFET pH sensors to measure nitrate concentration and pH in the ocean.
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-- N: An ISUS or SUNA nitrate sensor.
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Schools in 45 states, many countries have
adopted floats.

GO-BG

Global Ocean
Biogeochemistry Array




In the future, “vessels will be support, not monitoring platforms” Mel Briscoe, 2010.
A new class of ships can be small to control costs.
E.g., 28 meter R/V Kaharoa has deployed more than 2000 Argo floats.

36 m Kaharoa |l replacement is in construction that will enable deployments further south.

Argo Kaharoa's Deployments October 2023

Planning (152)
Kaharoa deployments (2171)

. Kaharoa Il deployments (0)

Other deployments (17100) ﬁ
G

enerated by ocean-ops.org, 2023-11-01
ction: Plate Carree (-150,0000)




First science mission of MBARI’s new R/V David Packard will be
deployment of GO-BGC profiling floats on its delivery voyage (Feb. 2024)
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GO-BGC, SOCCOM, BGC-Argo are at the cross-roads of ocean observing. They make
observing with ships and satellites better. They don’t replace them.

i&g GO-SHIP

TOWARDS A SUSTAINED GLOBAL SURVEY OF THE OCEAN INTERIOR

GO-SHIP brings together scientists with interests in physical
oceanography, the carbon cycle, marine biogeochemistry and
ecosystems, and other users and collectors of hydrographic
data to develop a globally coordinated network of sustained
hydrographic sections as part of the global ocean/climate
observing system.

GO-SHIP is a major contributor to WCRP's
and

i GO-SHIP s part of the Giob: :
I part of the Giobal Climate Observing Syste

tem (GCOS / GOOS)
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