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Framework for Ocean Observing Process Diagram
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After years of work and negotiations, the Paris Climate Agreement was signed on 12
December 2015, marking a historic moment for the Planet.

For the first time, the mention of the ocean as an ecosystem vital for the climate is a symbolic
victory for all involved advocates and stakeholders. Many organizations and individuals have
worked for many years creating the momentum required for this recognition.

Appearing in the preamble of the final text (“ noting that it is important to ensure the
integrity of all ecosystems, including oceans...”) which is not however a binding part of
the agreement, this reference is sign of a global awareness of the oceans’ major role in
climate change. This awareness is also reflected at the level of heads of state and national
delegations with the signing of the declaration ‘Because The Ocean’.
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The S&T Ministers of the G7 and the EU met in
May 2016 to discuss science, technology and
Innovation aspects across global challenges
such as health, energy, agriculture and the
environment. They issued a Communiqué:

« Support the development of an initiative for enhanced global sea and ocean
observation required to monitor inter alia climate change and marine biodiversity,

e Support an enhanced system of ocean assessment through the UN Regular Process to
develop a consensus view on the state of the oceans and enable sustainable
management strategies to be developed and implemented

 Promote open science and the improvement of the global data sharing infrastructure to
ensure the discoverability, accessibility, and interoperability of a wide range of ocean and
marine data;

« Strengthen collaborative approaches to encourage the development of regional
observing capabilities and knowledge networks in a coordinated and coherent way,
including supporting the capacity building of developing countries; and

 Promote increased G7 political cooperation by identifying additional actions needed to
enhance future routine ocean observations.
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Societal benefit value chain

Adapted from G7 Think Piece on Ocean Observations

Societal benefit from actionable information that influences

policy, individual and business decisions

Forecasts, early warnings,
marine services

1 A

Ocean forecast systems Scientific analysis, indicators

T T

M“D —>| Data assembly & dissemination, analyses, syntheses, and information products [€—

T

—> Global and regional sustained ocean observing systems <«

Global and regional assessments

(M‘D 5 Ocean research and technology innovation




SyStem CI\'/(/nejtethnd Assessments and
A schematic of a sustained fit-for-purpose management of
system, including the full value chain ~ ecosystem services
Food security - o
P Emission policies
Real-time
End user societal benefit services

[governing / acting]

Governments, communities, industry

System requirements
Applications/products, knowledge challenges,
phenomena, EOVs, network design

Understanding
Scientific analysis,

indicators Data Observations
systems Coordination

Assembly In situ and satellite observations

.. . and Global networks and global
Pl‘edICtlﬂg / MOdelmg dissemination approaches

Ocean forecast systems
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http://www.ioccp.org/foo

Requirements for
GOOS Biogeochemistry
« Therole of ocean biogeochemistry in climate

— Q1.1 How is the ocean carbon content changing?

— Q1.2 How does the ocean influence cycles of non-CO, greenhouse
gases?

« Human impacts on ocean biogeochemistry

— Q2.1. How large are the ocean’s “dead zones” and how fast
are they changing?
— Q2.2 What are rates and impacts of ocean acidification?

 Ocean ecosystem health

— Q3.1 Is the biomass of the ocean changing?

— Q3.2 How does eutrophication and pollution impact ocean productivity
and water quality?

International Symposium on Ocean Acidification - Dialogues between scientists and stakeholders 6»*:5
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Framewaork for Ocean Observing Frocess Disgram
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GOOS Essential Ocean Variables

Physics & Climate Biogeochemistry Biology & Ecosystems

Phytoplankton
Biomass & Diversity

Sea State

Nutrients

Zooplankton
Biomass & Diversity

Ocean Surface Stress
g > iU
Fish
Abundance & Distribution

Sea Ice Inorganic Carbon

Marine Turtles, Birds, Mammals
Abundance & Distribution

Transient Tracers

Particulate Matter
Nitrous Oxide
Stable Carbon Isotopes

Sea Surface Height

Hard Coral Cover &
Composition

Sea Surface Temperature

Subsurface Temperature
Seagrass Cover

Surface Currents
Macroalgal Canopy

Subsurface Currents

Dissolved Organic Carbon

Mangrove Cover

Microbe Biomass & Diversity

Subsurface Salinity

Emerging
Benthic Invertebrate EOVs
Abundance & Distribution

Ocean Surface Heat Flux

EOV Specification Sheets:
WWW.goosocean.org/eov
www.ioccp.org/foo
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SOCONET:

e Surface ocean CO, measurements from moving and fixed platforms
(With other parameters in concept and pilot phase pH, TA, DIC);

e Atmospheric CO, from some data originators (discussions with GAW);

 Checked sea surface temperature and salinity as well as other BGC
parameters (oxygen, nutrients)
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Ocean Interior Observations
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Interior Ocean Observations
(GO-SHIP, The Global Ocean Ship-based Hydrographic Investigations Program)
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What to Measure

Biogeochemistry Data Management
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Data synthesis products

Surface Ocean CO, Atlas SWt

« SURFACE OCEAN CO, ATLAS -

www.socat.info
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Global synthesis and gridded products of surface ocean fCO,

in uniform format with quality control,;

V6: 23.4 million fCO, values from 1957-2017, accuracy < 5 patm (flags A-D);
Plus 1.2 million calibrated sensor data (< 10 patm, flag of E);

Interactive online viewers;

Online viewers, downloadable (text, NetCDF, ODV, Matlab);

Documented in ESSD articles;

Community activity with >100 contributors worldwide.

(Pfeil et al., 2013; Sabine et al., 2013; Bakker et al., 2014, 2016, all in ESSD)
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Data synthesis products
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Global Ocean Acidification
Observing Network

Global Ocean Acidification
Observing Network:

Requirements and Governance Plan
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Increasing readiness of the sustained system ‘

FRAMEWORK PROCESSES BY READINESS LEVELS

Issues Impact

ata Products Creation
Data Assembly

£

Framework for Ocean Observing Process Diagram

Requirements Setting
What to Measure
Essential Ocean Variables

Satellites
Buoys, Aircraft
Moorings
(ROVs)
Remotely
Operated
Vehicles

(AUVs)
Autonomous
Underwater
Vehicles

Ships of
Opportunity
{HF) High
Frequency
Radar
Floats, Sub-surface Drifters

Observations Deployment
and Maintenance

Readiness
Levels

Level 9
“Sustained”

Essential Ocean Variable:

- Adequate sampling
specifications

- Quality specifications

System in Place:
« Globally

= Sustained indefinitely
- Periodic review

Infermation Products Routinely

Available:

= Product generation
standardized

= User groups routinely consulted

Level 8

“Mission
qualified”

Requirements “Mission Qualified:”

- Longevity/stability
= Fully scalable

System “Mission Qualified:”

. Reg\onal implementation

- Fully scalable

= Available spec'rﬁcalions and
documentation

Data Availability:

- Globally available
- Evaluation of utility

Level 7

“Fitness for
purpose”

Validation of Requirements:

- Consensus on observation
impact

- Satisfaction of multiple user

needs

'Ongoing international

community support

Fitness-for-Purpose of
Observation:

- Full-range of operational
environments

- Meet quality specifications

- Peer review certified

Validation of Data Policy

- Management
- Distribution

Pilot

Level 6
“Operational”

Requirement Refined:

= Operational environment
- Platform and sensor constraints

Implementation Plans Developed:

- Maintenance schedule
- Servicing logistics

Demonstrate:

- System-wide availability
- System-wide use

- Interoperability

Level 5
“Verification”

Sampling Strategy Verified:
- Spatial
= Temporal

Establish:

- International commitments and
governance

- Define standardized
components

Verify and Validate Management
Practices:

- Draft data policy
- Archival plan

Level 4
“Trial”

Level 3

“Proof of
concept”

Measurement Strategy Verified
at Sea

Proof of Concept via Feasibility
Study:

- Measurement strategy

- Technology

Pilot project in an operational
environment

Proof of Concept Validated:
- Technical review

= Concept of operations

- Scalability (ocean basin)

Agree to Management Practices:

= Quality control

- Quality assurance
- Calibration

- Provenance

Verification of Data Model with
Actual Observational Unit

Level 2
“Documentation”

Measurement Strategy Described
= Sensors

- Sensitivity

- Dependencies

Proof of Concept:

Technical capability
Feasibility testing
Documentation
Preliminary design

Socialization of Data Model

- Interoperability strategy
- Expert review

Level 1
“Idea”

Environment Information Need
and Characteristics |dentified:
= Physical
= Chemical
- Biological

System Formulation:

Sensors

Platforms

Candidate technologies
Innovative approaches

Specify Data Model

- Entities, Standards
= Delivery latency
- Processing flow

Figure 9. A Detailed View of Framework Processes for Varying Levels of Readiness.
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