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Introduction
GOOS Expert Panel Tasks
Expert Panels are responsible for three
main functions within their discipline:
• Identification of and requirement setting
for Essential Ocean Variables (EOVs);
• Development of EOV implementation
strategies and coordination of
observations;
• Promotion of standards and
interoperability of data and information
products.

Introduction
• Avoid duplication of efforts, across
observing platforms and networks, and to;
• Adopt common standards for data
collection and dissemination to maximize
the utility of data;
• Systems engineering approach which
evaluates the system based on
requirements for EOV's and the
technological and management readiness
of the EOV's and their observing networks.

DOOS Objectives
• Examine the existing, emerging and prospective
GOOS EOV specifications to add deep ocean context.
This can help evolve what is already vetted and
suggest specifications for new EOVs.
• Adding deep ocean perspectives and
characteristics to existing ‘GOOS-EOVs’ where
possible and
• Only suggest specific cases where deep ocean
variables, which are thought to be essential for
specific societal or policy needs, are missing in
GOOS.
• Collate information from the individual EOV level to
overall GOOS prospective for more detailed
specification.
• Disseminate added knowledge and consensus to
DOOS, GOOS and the OceanObs ’19 delegation

GOOS EOVs

Key
GOOS EOV status
GOOS EOVs most directly applicable to coast and the surface
GOOS EOVs most directly applicable to DOOS
GOOS EOVs that are emerging and applicable to DOOS
EOVs under consideration by DOOS

What is the role of the deep-ocean in the Earth’s energy imbalance and land/sea
water redistribution on annual to multi-decadal time scales? This includes closing
the heat and fresh water budget, the warming and freshening of the deep ocean,
and their contribution to sea level change.
How are natural and anthropogenic variations in climate connected to the global
overturning circulation and its variability? This includes variations in deep and
bottom water formation rates and water properties, circulation and deep ocean
mixing, and geothermal heating, and impacts on deep sea ecology.
How does deep pelagic ecology respond to natural variation and multiple climate
change stressors, including warming, deoxygenation, acidification, changes in
biological production, as well as industrial activities?
How might natural and anthropogenic variations in climate influence the function
of the solubility and biological carbon pumps, continental slope, nephloid layer
transport and the sequestering of carbon in the deep ocean, and the supply of
organic carbon food supplies to deep-sea communities?
What drives observed variation in seafloor fluxes of heat, nutrients, tracers,
oxygen and different carbon pools? How are these quantities connected to largerscale ocean circulation? This includes long term links between seafloor fluxes and
greater oceanic physical and biogeochemical processes.
How might natural and anthropogenic change influence the functional
importance of animals and microbes in the deep sea and the seafloor? What
environmental variations do they experience in space and time? This includes
consideration of benthic storms and currents, fluctuations in turbidity, T, pH, O 2,
and POC flux. This will improve spatial planning and impact assessment for seabed
mining, bottom trawling and oil and gas extraction.

Biogeochem
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Sea state
Ocean surface stress
Sea ice
Sea surface height
Sea surface temperature
Surface currents
Sea surface salinity
Ocean surface heat flux
Subsurface temperature
Subsurface currents
Subsurface salinity
Ocean Bottom Pressure
Seafloor Fluxes
Ocean Turbulence
Oxygen
Nutrients
Inorganic carbon
Transient tracers
Particulate matter
Nitrous oxide
Stable carbon isotopes
Dissolved organic carbon
Ocean colour (Spec Sheet under development)
Seafloor labile organic matter
Seafloor respiration
Seafloor fluid and gas effluxes (focus on methane)
Litter including microplastics
pH
Phytoplankton biomass and diversity
Marine turtles, birds, mammals abundance & distribution
Seagrass cover
Macroalgal canopy cover
Mangrove cover
Zooplankton biomass and diversity
Fish abundance and distribution
Hard coral cover and composition
Microbe biomass and diversity
Benthic invertebrate abundance and distribution
Body size
Bioacoustics
Seafloor sponge habitat cover
Connectivity of species

Physics

Key
GOOS EOV status
GOOS EOVs most directly applicable to coast and the surface
GOOS EOVs most directly applicable to DOOS
GOOS EOVs that are emerging and applicable to DOOS
EOVs under consideration by DOOS
Biogeochem

What is the role of the deep-ocean in the Earth’s energy imbalance and land/sea
water redistribution on annual to multi-decadal time scales? This includes closing
the heat and fresh water budget, the warming and freshening of the deep ocean,
and their contribution to sea level change.
How are natural and anthropogenic variations in climate connected to the global
overturning circulation and its variability? This includes variations in deep and
bottom water formation rates and water properties, circulation and deep ocean
mixing, and geothermal heating, and impacts on deep sea ecology.

How does deep pelagic ecology respond to natural variation and multiple climate
change stressors, including warming, deoxygenation, acidification, changes in
biological production, as well as industrial activities?

How might natural and anthropogenic variations in climate influence the function
of the solubility and biological carbon pumps, continental slope, nephloid layer
transport and the sequestering of carbon in the deep ocean, and the supply of
organic carbon food supplies to deep-sea communities?
What drives observed variation in seafloor fluxes of heat, nutrients, tracers,
oxygen and different carbon pools? How are these quantities connected to largerscale ocean circulation? This includes long term links between seafloor fluxes and
greater oceanic physical and biogeochemical processes.

How might natural and anthropogenic change influence the functional
importance of animals and microbes in the deep sea and the seafloor? What
environmental variations do they experience in space and time? This includes
consideration of benthic storms and currents, fluctuations in turbidity, T, pH, O 2,
and POC flux. This will improve spatial planning and impact assessment for seabed
mining, bottom trawling and oil and gas extraction.
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Phytoplankton biomass and diversity
Marine turtles, birds, mammals abundance & distribution
Seagrass cover
Macroalgal canopy cover
Mangrove cover
Zooplankton biomass and diversity
Fish abundance and distribution
Hard coral cover and composition
Microbe biomass and diversity
Benthic invertebrate abundance and distribution
Body size
Bioacoustics
Seafloor sponge habitat cover
Connectivity of species

Biogeochem

Seafloor Fluxes
Ocean Turbulence
Oxygen
Nutrients
Inorganic carbon
Transient tracers
Particulate matter
Nitrous oxide
Stable carbon isotopes
Dissolved organic carbon
Ocean colour (Spec Sheet under development)
Seafloor labile organic matter
Seafloor respiration
Seafloor fluid and gas effluxes (focus on methane)
Litter including microplastics
pH
Sea state
Ocean surface stress
Phytoplankton biomass and diversity
Sea ice
Sea surface height
Marine turtles, birds, mammals abundance & distribution
Sea surface temperature
Surface currents
Seagrass cover
Sea surface salinity
Ocean surface heat flux
Macroalgal canopy cover
Subsurface temperature
Subsurface currents
Mangrove cover
Subsurface salinity
Ocean Bottom Pressure
Zooplankton biomass and diversity
Seafloor Fluxes
Fish abundance and distribution
Ocean Turbulence
Oxygen
Hard coral cover and composition
Nutrients
Inorganic carbon
Microbe biomass and diversity
Transient tracers
Particulate matter
Benthic invertebrate abundance and distribution
Nitrous oxide
Stable carbon isotopes
Body size
Dissolved organic carbon
Ocean colour (Spec Sheet under development)
Bioacoustics
Seafloor labile organic matter
Seafloor respiration
Seafloor sponge habitat cover
Seafloor fluid and gas effluxes (focus on methane)
Litter including microplastics
Connectivity of species
pH

Physics

Essential ocean variables for global sustained
observations of biodiversity and ecosystem changes
Glob Change Biol.
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Framework for Ocean Observing

Driver-Pressure-State-Impact-Response (DPSIR)
Drivers of Impact used so far
• Sustainable use of biodiversity,
biodiversity conservation, and
knowledge,
• Environmental quality and threat
prevention and mitigation,
• Capacity building, sustainable
economic growth, and ecosystem
based management, and
• Food security.
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Group on Earth Observation –
Biological Observation Network
Criteria for Essential Biodiversity Variables
An ideal EBV should be
• able to capture critical scales and
dimensions of biodiversity
• biological
• a state variable (in general)
• sensitive to change
• ecosystem agnostic (to the degree
possible)
• technically feasible, economically viable
and sustainable in time

GEO BON Strategy for development
Of Essential Biodiversity Variables
Version 2.0
Produced by GEO BON Management Committee
Jan 2017

Title
• Prospective GEO BON
EBVs

Goals
 Identify indicators of change in life in the ocean
 Build a Community of Practice around biodiversity observations

`

 Define Essential Biodiversity Variables (EBV) as sub-variables of
Essential Ocean Variables (GOOS EOV)

 Facilitate networking of programs (national/international)
 Document Best Practices, assist in capacity building

Contacts: GEO BON MBON co-chairs

 Address user needs regarding biodiversity

-Frank Muller-Karger (carib@usf.edu)
-Isabel Sousa Pinto (ispinto@ciimar.up.pt)
-Mark Costello (m.costello@auckland.ac.nz)

 Plan for operational biological observations integrated into
existing and planned physical & biogeochemical obs. systems
Observing

Life in the Sea

Marine
EBV’s
Illustration by Kelly Lance

FOO, 2012. A Framework for Ocean Observing. By the Task Team for an Integrated Framework for Sustained Ocean Observing,
UNESCO 2012, IOC/INF-1284, doi: 10.5270/OceanObs09-FOO

© 2016 MBARI

Image courtesy of Francisco Chavez / MBARI

Thanks for your attention!

Title
• text

Title
• text

Efforts to Reference
• GEO BON / MBON
• Aichi targets for 2020 of the Convention
on Biological Diversity
• UN SDG – incl. # 14 Life Below Water
• MSFD (Defra – Healthy and Biodiverse
Seas Evidence Group [HBDSEG])
• Ocean Networks Canada
• Ocean Observatory Initiative
• OceanSITES
• GLOBIS-B (GLOBal Infrastructures for
Supporting Biodiversity research), a
global cooperation funded by the Horizon
2020
• EMSO data products – in development

GLOBIS-B

EOVs as ID’d at DOOS workshop, Dec. 2016
EOVs to evolve specifications, or add new ones,
NB this list is to document suggestions, rather than specify what will be addressed in detail.
Supporting EOVs for BioEco
BIOLOGY AND ECOSYSTEMS

BIOGEOCHEMISTRY

PHYSICS

Benthic variants for zooplankton and fish
biomass and diversity

Nitrogen/phosphorus efflux/influx
(Biogeochemistry)

Size-specific body size (mass); specific
biomass

Chemical profiles of metals such as dissolved
Temperature (Physics)
Mn (manganese) or particulate

Microbial biomass (diversity/activity)

Iron (Biogeochemistry)

Substrate (soft/hard, composition)

Bioacoustics/Biophony (animal sound)

Eh in water

Light (different wave lengths)

Cover of living habitats (e.g.
chemosynthetic ecosystems such as
seeps, vents, cold water coral and
sponges grounds…)

CH4 in water and sediment profile
(Biogeochemistry)

Ocean sound – (frequency, amplitude – time
series)

Oxygen consumption: O2 sediment
profiles /Sediment Community Oxygen
Consumption (SCOC), see also methods
like eddy correlation and chambers.

Sediment geochemistry

Geophony (Earth sounds)

Connectivity of species (life history
groupings) (FST)

Quality of organic matter C/N

Anthrophony (human sound)

Bioturbation Pb-210

Ocean bottom pressure?

Particulate flux (labile and refractory, perhaps
revisit existing EOV for particulate matter)

Bottom currents (Physics)

GOOS BioEco EOV plan
Action Plan
• Identify the societal drivers and pressures that can be addressed by sustained, long-term observations
of biological variables in the ocean
• Assess the effectiveness of the current state of ocean observations, both temporal and spatial
• Facilitate regional and global integration of existing biological observing networks to increase their value
and reach
• Develop new, global biological observing networks as necessary to support sustained measurement of
biological essential ocean variables
• Improve the communication of results from sustained monitoring of biological variables, thus increasing
their contribution to decision making at local, national, and global scales
The Products
• A global biological and ecosystem observation network that provides more timely, consistent and
informed scientific advice on the status of, and threats to, critical marine resources.
• A fit-for-purpose system that encourages best practices and development of technology to improve
sampling strategies.
• A collaborative international approach that strengthens data sharing and interoperability, enhances
capacity building, facilitates technology transfer, and increases future management options at all levels of
government.

DOOS Assessment
• Existing or prospective GOOS EOVs as initial focus
• Identifying the scientific and societal needs that require sustained biological and
ecological oceanographic observations, considering international convention
requirements,
• develop list of which stakeholders or conventions to consider
• Evaluating the existing time series (including inputs of GOOS and DOOS
workshops/surveys to date), and
• Studying the impact versus feasibility of the variables being currently measured and how
their sustained observation would address societal needs.
• TRL table with expert input, citable score evidence including literature search through
SCOPUS to have a metric on how many publications address the variables and the
specific societal drivers and/or pressures as identified from the international conventions.
• Online survey exists from Duke, Van Dover Group.
• Expert consensus may be the best way in this case of deep ocean

Milestones
• September 2017 - Summary of DOOS BioEco activity plan for discussion at
DOOS SC
• Autumn 2017 (?) - Share DOOS EOV planning with GOOS, agree process for
DOOS to influence GOOS EOV specification.
• Spring 2017 (?) – Provide DOOS and GOOS a written update on progress,
agree process with GOOS for DOOS to make contributions to EOV
specifications.
• Autumn 2018 (?) – Launch new DOOS-linked EOV material at OceanObs ’19.

EMSODEV and EGIM
•
•
•
•
•

EMSO Generic Instrumentation Module;
Operable across all science and monitoring needs;
Deployment from cabled to stand alone mode;
Surface ocean mooring to seafloor lander;
Provides standardisation for:
• Sensors and detailed requirements;
• Sensor arrangement;
• Data and power handling;
• Common framework for data management.

Type of sensor
Conductivity
Temperature
Pressure
Dissolved oxygen
Turbidity
Currents
Passive acoustics

Range†
0 to 9 S/m
-5 to +35°C
0 to 600 bar
0 to 500μM
0 to 150 NTU
0 to 2 m/s
50 - 180 dB re 1 μPa

Accuracy†
0.001 S/m
0.01 K
0.1 % FSR
5%
10%
2%
+/-3dB

GOOS EOVs
Readiness level: CONCEPT | PILOT | MATURE
PHYSICS
BIOGEOCHEMISTRY
Sea state
Oxygen
Ocean surface
Nutrients
stress
Sea ice
Inorganic carbon
Sea surface
Transient tracers
height
Sea surface
Particulate matter
temperature
Subsurface
Nitrous oxide
temperature
Surface currents Stable carbon isotopes
Subsurface
Dissolved organic carbon
currents
Sea surface
Ocean colour (Spec Sheet
salinity
under development)
Subsurface
salinity
Ocean surface heat flux

BIOLOGY AND ECOSYSTEMS
Phytoplankton biomass and diversity
Zooplankton biomass and diversity
Fish abundance and distribution
Marine turtles, birds, mammals
abundance and distribution
Live coral
Seagrass cover
Macroalgal canopy
Mangrove cover
Microbe biomass
and diversity (*emerging)
Benthic invertebrate abundance and
distribution (*emerging)

Potential Roles of Contributors
• Represent/connect to key stakeholder groups and
• Adopt one or more EOVs to lead their specification with a deepocean perspective.
• Practically this would involve active contribution to the process of
EOV suggestion / selection / specification / dissemination.
• A lot of the work will aim at Specification sheets (revising GOOS
Spec. Sheets / developing DOOS Spec. Sheets).
• Quarterly teleconferences to exchange within the task team and
report back to DOOS on progress and issues

Potential Contributors and Roles

Name
Henry Ruhl

E-mail
h.ruhl@noc.ac.uk

Contribution topic
TT co-ord., Imaging & EOV themes Fish/Live coral

Lisa Levin

levin@ucsd.edu

Liaising DOOS oversight

Felix Janssen

felix.janssen@awi.de

Liaising re DOOS Biogeochemistry EOV task team

Bruce Howe

bhowe@hawaii.edu

Liaising re DOOS Physics EOV task team

Patricia Miloslavich

pmilos@usb.ve

Liaising re GOOS BioEco EOV processes

Frank Muller-Karger

carib@usf.edu

Liaising re GOOS BioEco EOV processes, GEO BON and MBON EBVs

Roberto Danovaro

r.danovaro@univpm.it

Liaising with Ecol. Ind. group, Microbe biomass and diversity EOV

Craig Smith

craigsmi@hawaii.edu

Benthic invertebrate biomass and diversity EOV

Paul Snelgrove

psnelgrove@mun.ca

Benthic invertebrate biomass and diversity EOV

Sun Song

sunsong@qdio.ac.cn

Zooplankton biomass and diversity EOV

Nadine Le Bris

lebris@obs-banyuls.fr

Benthic invertebrate biomass and diversity EOV

Simone Baumann-Pickering

sbaumann@ucsd.edu

Bioacoustics & EOV themes Mammal/fish/zooplankton abundance and
distribution

EOV Specification Sheet

Also contain sections for:
• Current observing networks
• Future observing elements
• Data information and creation
• Links and references

