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Outline
• Why we make observations
• Essential Ocean Variables (EOVs)
• Data are FAIR (Findable, Accessible, Interoperable, Reuseable)
• Autonomous technology + new sensors
• Low-cost, small, easily deployed sensors
• We have the tools … what we need is the resolve and support of 

our community and our PICES nations



We make observations to understand 
our ever-changing ocean planet … 

and to use science to help insure a 
healthy ocean and planet

SeaWiFS chlorophyll 
climatology
1997-2005
(mg/m3)



ADRIFT in the Pacific
Understanding the 
impacts of tsunami 
marine debris



FOO = Framework for Ocean Observing
main output from OceanObs’09; Lindstrom et al. (2012)
http://www.oceanobs09.net/foo/FOO_Report.pdf

GOOS = Global Ocean Observing System

EOV = Essential Ocean Variable
http://www.goosocean.org

J. Barth & S. Y. Kim, co-chairs
September 2019

http://www.oceanobs09.net/foo/FOO_Report.pdf
http://www.goosocean.org/


GOOS:

Essential 
Ocean 

Variables 
(EOVs)



(Pereira et al., Science, 2013)

GOOS Bio/Eco EOVs vs Group on Earth Observations (GEO) Biodiversity 
Observation Network (BON) Marine Essential Biodiversity Variables (EBVs)

https://geobon.org/

I’m not going to 
talk about these …
Contact Sanae
Chiba and others if 
you’re interested



https://argo.ucsd.edu/
physical EOVs: surface and subsurface

Temperature, Salinity and currents



EOV/EBV observations through COOS in Korea

SSHs (Tide gauges)
Surface currents 
(High-freq. radars)
Profiles of T/S, 
Oxygen, 
Phosphate, Nitrate, 
Silicate, PH, and 
Chl-a (Long-term 
hydrographic 
surveys)
Significant wave 
heights, direction 
and period (Wave 
buoys)

(Coastal Ocean Observing System)

Courtesy of Sung Yong Kim (KAIST, Korea)



Temperature
Salinity
Dissolved 
Oxygen
Chlorophyll a
PAR
Light 
backscatter
CDOM
Point velocity

Cabled Ocean Observatories (real time, interactive)

2014 2020

> 12,500
profiles!

https://oceanobservatories.org



Ocean Observing System Report Card 2019

www.jcommops.org/reportcard2019

Joint Technical Commission for Oceanography and Marine Meteorology 
(JCOMM) of the World Meteorological Organization (WMO) and 
UNESCO’s Intergovernmental Oceanographic Commission (IOC) 

http://www.jcomm.info/


Sanae Chiba (JAMSTEC)
GOOS-Bio/Eco Panel member

Essential Ocean Variables (EOVs) for Biology and Ecosystem

(Miloslavich et al. 2018, GCB)



(Peterson et al. 2017, JGR-Oceans)

Newport, 
Oregon
Hydro-
graphic
Line



Biogeochemical Argo floats
Can measure more EOVs:
• dissolve oxygen
• Nitrate
• pH
• Chlorophyll a
• Suspended particles
• Downwelling irradiance



Ocean Best Practices
The Ocean Best Practice System (OBPS) 
“agreed and broadly adopted methods for every
activity in ocean observing from research to
operations to applications.”

Pearlman et al., 2019 (Front. Mar. Sci.)

FAIR Data Services
Findable, Accessible, Interoperable, Reusable
Tanhua et al., 2019 (Front. Mar. Sci.) 



Autonomous drifters and surface vehicles

Wave glider – Liquid Robotics Submaran S10 – Ocean Aero

CODE and WOCE surface
Drifters

Saildrone

Sea Hunter - Vigor

This one goes 
underwater 
too!



Autonomous floats and vehicles

Long-Range AUV Tethys – MBARI
(w/eDNA now!)

Underwater gliders
(w/lots of sensors!)

Biogeochemical
Argo

Deep Argo
(6000 m)



into popular culture …

Sherman’s Lagoon by Jim Toomey



2020 Saildrone Pollock Acoustic Survey
NOAA Alaska Fisheries Science Center 4 July to 20 August 2020
In response to lack of ship survey due to COVID-19

38/200 kHz echosounder, oceanographic and meteorological measurements

(Contact Alex De Robertis, NOAA AFSC, for details – via Lisa Eisner, PICES MONITOR)



Big knowledge gap: Dynamic distribution of species (species overlap)
In the Ocean, 91% of species have been still underdetermined (Mora et al., 2001).

We have a big knowledge gap in dynamical variation of species distribution.
Dynamical variation of species distribution is a key to understand the ecosystem functioning. 

http://ecosystem.aori.u-tokyo.ac.jp/microbiology-wp/projects/
by Prof. Koji Hamasaki

OceanDNA Project in 
AORI Univ. Tokyo Autoanalyzer

on deck

Continuous
analyzer

Continuous
analyzer

Time-series 
buoy

AUVs

• AORI has been developing 
"Mitochondrial Genome 
Database of Fish (MitoFish)".

• AORI lunched OceanDNA Project 
which extends environmental 
DNA observation techniques to 
open oceans.

• Further developing auto-analyzer 
of OceanDNA which potentially 
applied to AUVs in future. 

 See PICES 2020
Session VS3

(courtesy of S-i. Ito)



(Keller et al. 2017, MEPS)

International Pacific Halibut Commission fishery-
independent survey  stock assessment.
(IPHC-2018-RAB19-06 )

BerringDataCollective.com

Instrumenting fishing vessels

no halibut  low oxygen



Small, simple, inexpensive sensors
More observations from many platforms
Citizen science
Available to many ocean observers

(equity)

Tiro Moana temperature-pressure
https://www.moanaproject.org/

Onset Tidbit, salinity
https://www.onsetcomp.com/

Temperature, dissolved oxygen
(Courtesy of L. Stoltz & F. Chan
Oregon State University)

https://www.moanaproject.org/
https://www.onsetcomp.com/


Insert name of conference, if desiredChiba et al (2020) , Griffin & Chiba (2020)

Ⅰ-1-(1)地球環境の状況把握と変動予測のための研究開発Microplastic survey & promotion of ocean literacy 
in collaboration with sailing community

The survey was conducted during the 
Japan-Palau Goodwill Yacht Race 
(Dec 2019 – Jan 2020) in collaboration 
with the Republic of Palau, Japanese 
government, the yacht race organizer, 
UNEP-WCMC and private sectors. 

Microplastic Survey

Microplastic sampler

Ocean Literacy

Plastic types

Ocean Literacy Program 
on the Tall ship MIRAIEMiraie

Trekkee

Palau youth



PICES Ocean Observing and data access
MONITOR
CPR Survey
TCODE
AP-NPCOOS
FishGIS - Building capacity for coastal monitoring

by local small-scale fishers

NPESR
PICES Metadata Federation
POMA - PICES Ocean Monitoring Service Award winners

Special Publications, e.g., “Guide to Best Practices for Ocean
CO2 Measurements”

Global Continuous Plankton Recorder 
(CPR) surveys



Into the UN Decade of Ocean Science for 
Sustainable Development
 An ever-increasing set of tools …

• Autonomous technology + new sensors
• Low-cost, small, easily deployed sensors

 Let’s make our data FAIR
• Findable, Accessible, Interoperable, Reusable

 We need the resolve and support of our community and our 
PICES nations
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