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EXECUTIVE SUMMARY

Over the past 12 months, the International Ocean Carbon Coordination Project (IOCCP) has
advanced global ocean biogeochemistry observing by translating strategic frameworks into
operational initiatives.

To strengthen observational capabilities across global ocean basins, IOCCP, doubling as the
Global Ocean Observing System (GOOS) Biogeochemistry Panel, accelerated structural
governance and unified observing system design. The Surface Ocean CO, Observing Network
(SOCONET) was formalized as a GOOS Emerging Network, establishing a Steering Committee
and Task Teams to deliver a comprehensive Implementation Plan. Additionally, IOCCP
convened a Surface Ocean Carbon Observing Design Workshop in Ostend, demonstrating,
through SOCOMyv2-led simulation experiments, co-designed observing architectures allowing
to deliver reliable net air-sea CO, flux estimates with significantly reduced carbon uptake
uncertainties. Supported by major international sponsors, preparations are also underway for
a May 2027 workshop in Sopot focused on interior ocean carbon observing design.
Furthermore, IOCCP advanced cross-network coordination across GO-SHIP, SOCONET, and
Biogeochemical-Argo—thoroughly described in a soon to be published milestone Earth’s
Future publication.

To bridge scientific synthesis with global policy mandates like the UNFCCC Paris Agreement
and the WMO Global Greenhouse Gas Watch (G3W), IOCCP contributed significantly to the
IOC-UNESCO-led Integrated Ocean Carbon Research (IOCR 2.0) vision. This effort helped a
global network of over 70 experts prioritize critical knowledge gaps in ocean carbon cycle
dynamics. Establishing an integrated carbon value chain ensures that international climate
assessments and marine carbon dioxide removal (mMCDR) evaluation frameworks remain
grounded in robust, open-access observations.

Sustaining the primary data assets relied upon by the international climate community, IOCCP
supported the annual releases of major synthesis products while advancing measurement
standardization. In June 2026, SOCAT v2026 was released, expanding the global baseline to
44.0 million high-quality fCO, observations alongside 8.4 million sensor-derived values,
supported by a new operational processing hub in Belgium. This was followed by the July 2026
publication of GLODAPv3, delivering an internally consistent, surface-to-bottom dataset
spanning 1,181 cruises over 50 years. To ensure long-term data interoperability, IOCCP
supported by European Union Horizon Europe grant led a comprehensive redesign of the nine
GOOS Biogeochemical Essential Ocean Variable (EOV) Specification Sheets, introducing a
cross-disciplinary template aligned with FAIR principles. Concurrently, IOCCP rallied global
support to establish a resilient framework of regional hubs for seawater carbonate Certified
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Reference Materials (CRMs), safeguarding the calibration backbone of global ocean
observations.

Underpinning these technical and scientific deliverables was a complete overhaul of IOCCP’s
digital infrastructure and outreach capacity. Between late 2025 and mid-2026, IOCCP
launched a modernized visual identity aligning with GOOS EOV branding, established
standardized communication toolkits, and debuted a fully redesigned website at ioccp.org.
Web analytics demonstrate global uptake with over 6,600 active users and 57,000 interactions,
alongside a newsletter reaching 825 subscribers. A strategic migration of primary social media
engagement to LinkedIn yielded rapid community growth, reaching over 1,300 followers and
generating nearly 69,000 impressions. By seamlessly integrating brand modernization and
transparent scientific communication, IOCCP has equipped the marine biogeochemistry
community with a unified voice and modern foundation to support sustained ocean carbon
observing into the future.
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PROJECTS & MAJOR ACTIVITIES

Contribution to the Integrated Ocean Carbon Research (IOCR)

In the past 12 months, the IOCCP was extensively involved in working with a wide international
community of experts to develop and start implementing the recommendations outlined in the
newly released Integrated Ocean Carbon Research: a vision primed for implementation. Our

efforts have focused on identifying major knowledge gaps in ocean carbon science and
establishing coordinated, community-driven approaches to address them. A cornerstone of
this work was the collaboration of 72 authors from 23 countries, with significant contributions
from IOCCP SSG experts, Galen McKinley, Richard Sanders, Adrienne Sutton, and IOCCP
Project Director, Maciej Telszewski.

An integrated understanding of the ocean carbon cycle—accounting for carbon reservoirs,
fluxes, and transports across physical, chemical, and biological domains—is essential to
determine current and future anthropogenic changes and enable sustainability and
effectiveness of ocean services. Traditional management frameworks operate within legal
maritime boundaries rather than ecological systems; thus, co-developed, cross-border ocean
carbon science is vital to inform national, regional, and international management and policy.

Specifically, an integrated approach underpins critical global multilateral agreements and
frameworks:

e UNFCCC & Paris Agreement: Informs ocean-based mitigation actions, Nationally
Determined Contributions (NDCs), and national adaptation strategies as encouraged at
COP 28.

e 2030Agenda for Sustainable Development (SDG 14.3): Directs scientific cooperation
and monitoring for SDG Indicator 14.3.1 (marine acidity/pH) to minimize ocean
acidification impacts.

e Kunming-Montreal Global Biodiversity Framework (Target 8): Guides efforts to
increase ecosystem resilience and minimize climate and acidification impacts on
marine biodiversity.

e BBNJ Agreement & London Protocol: Provides the scientific basis for linking climate
change and carbon cycling to ecosystem integrity in areas beyond national jurisdiction,
while establishing environmental impact assessment standards for marine Carbon
Dioxide Removal (mCDR) and ocean engineering.

e WMO Global Greenhouse Gas Watch (G3W): Directly supports the G3W Flagship
Program in delivering monthly net air-sea CO, flux estimates.

e UN Ocean Decade (Challenges 2 & 5): Addresses the combined effects of multiple
stressors on marine ecosystems and unlocks ocean-based climate solutions.

OC OO0
oC__



https://unesdoc.unesco.org/ark:/48223/pf0000397333.locale=en

I OC C P International Ocean Carbon Coordination Project
Institute of Oceanology of Polish Academy of Sciences
[/

o9 ', /] Towards a sustained Powstancéw Warszawy 55 / 81-712 Sopot / Poland
) global cbservation network
80000 obser \
() for marine biogeochemistry /

Furthermore, establishing an integrated approach provides the framework needed to overcome
systemic observational hurdles—including north-south capacity disparities, heavy reliance on
short-term funding for critical long-term observations, and data access constraints—by
embedding FAIR and CARE data principles and standard operating procedures across the
global community.

In the IOCR 2.0 report we agreed on five critical focus areas for the global community to
prioritize:

e Evolution of the ocean carbon sink under a changing climate: We must
operationalize ocean carbon observations and improve air-sea CO, flux
parameterizations to project and predict changes in the ocean carbon cycle accurately.

e The changing role of biology in the ocean carbon cycle: Recommendations highlight
the need to couple observations of the biological carbon pump with a mechanistic
understanding of the factors driving their variability, including multiple-driver
manipulation studies.

e Carbon exchanges across the land-ocean-ice continuum: Advancing our
understanding of polar and coastal regions requires incorporating local and indigenous
knowledge and assembling data products at adequate spatial and temporalresolutions.

e The impact of ocean industrial processes on the ocean biological carbon cycle:
Coherent research programs are urgently needed to quantify the consequences of
fishing, mining, dredging, and plastic pollution on carbon export, remineralization, and
storage.

e Future changes from deliberate ocean-based climate interventions: A key
recommendation is to update policy-relevant reviews on the effectiveness, feasibility,
and environmental effects of marine Carbon Dioxide Removal (mCDR) strategies.

At least seven programs and organizations (IOC, IOCCP, CLIVAR, SOLAS, GCP, IMBeR, GOQOS)
agreed to collectively address the above recommendations and in the past 12 months the
IOCCP was directly involved in implementing several targeted actions to translate the IOCR 2.0
vision into reality. Guided by our mandate and leveraging the expertise of our SSG experts and
the wider community, we advanced the following specific deliverables:

e Operationalizing Carbon Observations (WMO G3W Integration): To ensure integrated
and coordinated multi-variable observations, the IOCCP contributed to the network
design for the World Meteorological Organization's Global Greenhouse Gas Watch
(WMO G3W). Our goal is to ensure ocean carbon is fully integrated into the future
operational G3W, with formal input scheduled for delivery to WMO INFCOM by
November 2026.
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e Securing Climate-Relevant Calibration Materials: Recognizing the critical need for
globally comparable data, the IOCCP is actively seeking funding and partnerships to
develop a carbonate Certified Reference Material (CRM) capability in Europe. This
includes production, certification, and distribution.

e Building the Ocean Carbon Value Chain: To ensure long-term, sustainable operating
support for critical data synthesis products, the IOCCP is fostering the SOCONET-
SOCAT-SOCOM value chain. We co-organized a workshop on developing ocean carbon
observing system design in Ostend (June 10-11, 2026) and are planning the next
workshop focused on interior ocean observing design (including OSSEs) for May 2027 in
Sopot, Poland. Workshop reports are expected in Fall 2026 and mid-2027.

e Enhancing Data Access and Continuity: We continue our foundational work with
SOCAT, GLODAP, SPQOTS, and the future GO,DAT to assure continuous access to quality-
controlled global data products. Furthermore, supporting combined annual meetings
across the value chain ensures that communities generating observational data
continuously engage with those developing gap-filled products.

The full IOCR 2.0 report is available from the link above. NSF funding for IOCCP is
acknowledged in this important work. Some of the activities are further described in following
sections of this report.

Governance Structures for the Surface Ocean CO, Observing Network
(SOCONET)

Ocean carbon research is critical for quantifying the global uptake of atmospheric CO, and
understanding air-sea interactions. However, ocean CO, uptake varies drastically across time
and space. Accurate monitoring requires high-quality, continuous measurements to predict
impacts like ocean acidification. Historically, this data came from a loose affiliation of
observing platforms (merchant and research vessels, moorings, as well as sailing boats and
uncrewed surface vehicles). The lack of formal coordination limited the integration of ocean
data into global policy, such as UNFCCC assessments, WMOQO'’s Global Greenhouse Gas Watch,
or WMO'’s State of the Climate Report, amongst other critical management and policymaking
bodies.

In early November 2023, over one hundred ocean carbon scientists met at the Flanders Marine
Institute (VLIZ) in Oostende, Belgium, to review the status of surface ocean carbon research
and observations and decide on improvements to the structure, process, and information
delivery. A key ambition was to deliver an integrated global surface ocean carbon monitoring
system to help countries better understand and manage climate change drivers efficiently. In
2024, community leaders coordinated by IOCCP developed a plan to operationalize these
observations. By June 2025, the Surface Ocean Carbon Observing Network (SOCONET) was
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approved as a Global Ocean Observing System (GOOS) Emerging Network based on this plan,
and an interim Steering Committee was established.

In the past 12 months, the IOCCP, in close collaboration with EU TRICUSO, US NOAA GOMO,
GOOS of IOC-UNESCO, and WMO, significantly accelerated the development of SOCONET’s
international governance, coordination, and communication capacity. The team led by Maciej
Telszewski achieved the following:

e Developed SOCONET’s Mission and Goals;

e Developed long-term Terms of Reference (ToR) for its Steering Committee (SC);

e Called for, selected, and approved the SOCONET Steering Committee for the next 4
years, including the nomination and approval of two Scientific Committee co-chairs;
and

e Developed and implemented SOCONET’s webpage (soconet.info), hosted by IOCCP.

Please see the SOCONET webpage for details on all of the above.

These achievements have established a strong scientific oversight and governance structure
for SOCONET. Moving forward, IOCCP and international partners, led by the Steering
Committee, will collaboratively work to:

o Establish measurement requirements: Define standards for surface ocean CO, and
marine boundary layer measurements, including reference-levels. This involves
disseminating standard operating procedures (SOPs) and best practices to classify data
quality.

e Monitor network performance: Facilitate near-real-time monitoring and reporting,
using specific targets and indicators to track status versus implementation needs.

o Expand global representation: Coordinate the recruitment of broader participation in
SOCONET, determining minimum requirements for participants and organizing training
and capacity building.

o Streamline data submission: Facilitate the timely submission of data to the Surface
Ocean CO, Atlas (SOCAT) and metadata to the Joint WMO-IOC in-situ Observations
Programmes Support (OceanOPS).

e Ensure instrument accuracy: Coordinate routine intercomparison exercises for
surface ocean CO, instruments, including emerging technologies.

The inaugural Steering Committee Meeting for the Surface Ocean CO, Observing Network
(SOCONET) took place in Bergen, Norway, on January 16-17, 2026, to start benefiting from the
network’s governance structure. Members of SOCONET’s Steering Committee and
international guests discussed the development of the network’s Implementation Plan, which
is planned to be delivered by the end of 2026 and will guide the community towards combining

OC OO0
oC__



https://www.ioccp.org/soconet
https://www.ioccp.org/images/Soconet/Documents/SOCONET%20SC%20ToR_Final_202512.pdf
https://www.ioccp.org/soconet-steering-committee
https://www.ioccp.org/soconet

I OC C P International Ocean Carbon Coordination Project
K Institute of Oceanology of Polish Academy of Sciences
00 2l?,

/] Towards a sustained Powstaricéw Warszawy 55 / 81-712 Sopot / Poland
Y XX IS global observation network
() for marine biogeochemistry /

the critical elements of existing and upcoming technical capacity, allowing SOCONET to
contribute important data towards societal and scientific needs.

Organized by IOCCP, TRICUSO, and international partners, the First SOCONET Steering
Committee Meeting was successfulin its objective of implementing governance structures and
planning for the global integration of individual platform operators into a structured reference
network. Highlights of this activity included creating five Task Teams, each aimed at delivering
expert thematic content to the SOCONET Implementation Plan. Task Teams on Tiers, Data and
Metadata, Network Design, Atmospheric Measurements, and Training will include experts from
outside of the Steering Committee to assure wide community input and realistic
implementation targets across existing capacities. Each taskteam will develop a clear pathway
for the community to implement around the specific topic, with actions spanning from months
to years to a network vision a decade away.

Following on this achievement, SOCONET held a Townhall at the Ocean Sciences Meeting in
Glasgow on 23 February 2026, to present its status and future prospects. Organized and
moderated by IOCCP, this was the first opportunity for the newly elected Steering Committee
to publicly present their vision and steps towards the Implementation Plan while actively
inviting feedback from the broader community.

Tobias Steinhoff (SOCONET co-Chair, GEOMAR, Germany) opened the session by presenting
the motivation and long-term ambitions of SOCONET. Louise Delaigue (SOCONET SC, LOV,
France) introduced the Steering Committee members and the objectives of the Task Teams
responsible for writing the Implementation Plan. Kevin O’Brien (SOCONET SC, OceanOPS,
France) explained SOCONET’s integration within the Global Ocean Observing System (GOQOS).
On behalf of Kathy Tedesco (SOCONET SC, NOAA GOMO, USA), who was unable to attend in
person, Maciej Telszewski (SOCONET Coordinator, IOCCP, Poland) presented an overview of
the funding mechanisms supporting SOCONET. Throughout the presentation, participants
engaged interactively through Mentimeter real-time surveys to describe their relationship to
surface ocean carbon observations and their expectations for SOCONET’s future. The audience
was mostly composed of academics, but also included people from non-governmental
organizations, instrument manufacturers, and policymakers. The largest audience segment
was formed of researchers using surface ocean carbon observations, and at least 37 data
producers were also in attendance.

One particularly revealing exercise highlighted the difference between participant responses
regarding where they are currently producing observations and where they would like to have
observations available. Regions such as the Arctic and Southern Oceans, the South Pacific,
and the Indian Ocean clearly stand out as areas where future surface ocean carbon
observations would be valuable. Participants also identified major challenges facing ocean

OC OO0
oC__




I OC C P International Ocean Carbon Coordination Project
K Institute of Oceanology of Polish Academy of Sciences
00 2l?,

/] Towards a sustained Powstaricéw Warszawy 55 / 81-712 Sopot / Poland
850 global observation network
() for marine biogeochemistry /

CO, measurements that should be considered in designing the Implementation Plan. In
addition, they proposed numerous ways in which SOCONET could support their work, thus
paving the way for a successful collaboration with the community. Overall, the event was a
success, and the feedback gathered will be taken seriously in the coming period as SOCONET
transitions from an emerging to a mature Global Ocean Observing System (GOOS) network.

Surface Ocean Carbon Observing Design

Addressing Spatiotemporal Gaps

Historically, ocean carbon observing assets were deployed on an opportunistic basis.
Consequently, major temporal and spatial gaps persist across large expanses of the global
ocean. These gaps are particularly acute in the Global South, in coastal regions (often excluded
from global budgets due to observational sparseness relative to their heterogeneity), and
during winter at mid-to-high latitudes when ice and rough seas make observations challenging.
Furthermore, highly dynamic regions like the North Atlantic and Tropical Pacific require
observing system redesign or augmentation. These spatiotemporal gaps introduce significant
uncertainty into global ocean carbon cycle and budget estimates.

To address this, the IOCCP has worked over the past 12 months to unite observationalists—
across existing, emerging, crewed, and uncrewed technologies—with modelers focused on
Observing System Simulation Experiments (OSSEs). The goal is to develop a blueprint for a
global ocean carbon observing system that is unified across networks, technologically and
financially sustained, and operational (effectively delivering information for regional and global
management). Once implemented, this blueprint will serve as a critical observing backbone. It
will constrain global ocean carbon variability, improve the effectiveness of planned mitigation
actions, and support Monitoring, Reporting, and Verification (MRV) efforts for global carbon
stocktakes. Designing this system using an integrated approach that couples models with in
situ observations will lower financial risks for public agencies and stakeholders by ensuring
that carbon investments, coastal planning, and ecosystem management decisions are
grounded in verifiable data.

The Ostend Surface Ocean Design Workshop

To operationalize this vision, the IOCCP agreed to host two dedicated observing design
workshops to scope existing efforts, synthesize design needs, verify them with simulation
capacities, and develop an optimal blueprint.

The first workshop focused on surface ocean pCO, design and took place June 10-12, 2026, at
VLIZ in Ostend, Belgium. Led by IOCCP SSG members Adrienne Sutton and Galen McKinley
and Project Director Maciej Telszewski, and attended by 40 invited experts (including IOCCP
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SSG member responsible for Surface Ocean Biogeochemistry Observations, Richard Sanders),
the workshop leveraged the momentum of the Surface Ocean pCO, Mapping intercomparison
project (SOCOMv2) to deliver the network design requested by the WMO Global Greenhouse
Gas Watch (G3W) for August 2026. A unique but flexible design aims to create policy-relevant
data products, such as the monthly surface ocean CO, fields and air-sea CO, flux maps
requested by WMO G3W, helping to assess ocean acidification and quantify mitigation
potential.

During the workshop, results from a series of OSSEs quantified the benefits of achievable
network upgrades. It was estimated that maintaining the mid-2026 baseline and increasing
observing intensity by 35% would increase the accuracy of observation-based ocean uptake
estimates by approximately 25%.

Key Recommendations & Expansion Targets
A detailed submission to WMO G3W is forthcoming, and a comprehensive workshop report will
be published later this year. However, the core recommendations are already clear.

Currently, the network is biased toward the Northern Hemisphere, comprising roughly 38 ship
lines and 15 buoys that supply 4,000 days of data per year. This will soon be augmented by a 5-
year philanthropically-funded uncrewed surface vehicle (USV) mission (COCOZ2), contributing
500 days per year focused on the Southern Ocean in winter.

To realize significant, demonstrable benefits in our ability to measure ocean carbon uptake, the
workshop advocates augmenting the current network to the level tested in the recent design
studies. The proposed expansion includes:

e Restoring the lines that recently supplied data to SOCAT (approx. 400 days/year).

e Installing pCO, measuring equipment on research vessels, cruise liners, and fishing
vessels to cover the Southern Ocean in the summer (approx. 400 days/year).

e Instrumenting VOS (Voluntary Observing Ship) lines to cover the Southern Hemisphere
subtropics (approx. 160 days/year).

Together, these improvements represent an additional 33 observing platforms and a 12%
increase in sampling days (19% when including the USV mission). This modest increase can
provide a 35% increase in monthly 1°x1° coverage and a 25% bias reduction in ocean carbon
uptake estimates.

Financial Implications
Achieving this expansion will require purchasing 20 new pCO, systems (at $170,000 USD per
system) and employing an additional 13 staff globally (at approx. $1.3 Million USD per year).
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Overall, this requires a $10 Million USD commitment over 5 years. This is a modest
investment compared to the full WMO G3W vision and is regarded as a highly tractable first
step.

To execute this, the workshop proposed a phased implementation approach:

1. Year 1: Maintain current and reinstate recently removed pCO, systems; initiate the
purchase of new systems; build relationships with VOS operators via SOCONET; initiate
training programs for technical staff; and initialize further OSSE activity to prepare for
~2030 enhancements.

2. Year 2: |dentify target vessels (research, fishing, and cruise fleets) and install
instruments; continue training programs, specifically for data quality controland SOCAT
submission.

3. Year 3: Pilot the operation of new instruments on new platforms; develop a concept to
replace the wintertime Southern Ocean USV missions with new platforms by Year 5.

4. Year 4: Fully operate new platforms; hold a workshop to evaluate new OSSE results and
devise a plan to implement any newly identified platforms.

5. Year 5: Deploy a pilot array in the Southern Ocean to overlap with the concluding
COCO2 project.

Sustaining the Value Chain
To determine how to reduce uncertainty further, a more complex series of OSSEs must be
commissioned immediately so that informed investments can be made in five years.

Critically, existing levels of effort to support the network via SOCAT, SOCONET technical
coordination, and a future SOCOM coordinator must be maintained. SOCONET, SOCAT, and
SOCOM are linked international efforts that, alongside satellite, model, and re-analysis data,
enable the routine delivery of carbon data products. The loss of any single activity or data
source would prevent the delivery of crucial products to global assessments (e.g., Global
Carbon Budget, IPCC) that guide international policy.

Ocean Interior Carbon Observing Design

During the Surface Carbon Design Workshop described above, a series of breakout discussions
was held with invited experts representing the ocean interior carbon observing community,
which led to the initial development of specific plans for the second design workshop, as
agreed by the IOCCP SSG in late 2025.

This second design workshop (planned for 11-13 May 2027 at IOCCP’s HQ in Sopot, Poland) will
focus oninterior ocean carbon observing design, building on the first Optimal Design Workshop
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on surface ocean pCO;, and representing the second step toward answering the GOOS Carbon
Plan's call for a comprehensive ocean carbon observing system from surface to deep. The
workshop will span the full value chain from observations to data products, with the goal to
create clear recommendations for observing design for science-based consistent monitoring
for the sake of baseline knowledge.

A key ambition of this workshop is to help the community make the interior-ocean carbon value
chain actionable, analogous to what has been achieved for the surface ocean, with the ultimate
goal of producing science-based, consistent observing design recommendations that support
both baseline monitoring and improved quantification of the ocean carbon inventory, including
updating foundational estimates that global carbon budgets currently rely on (i.e. the 37,000
GtC estimate used in the Global Carbon Budget).

Workshop objectives

The workshop is intended to establish a scientifically based and community agreed foundation
for a sustained interior ocean carbon observing design, rather than to deliver a final observing
system design within the workshop itself. Expected outcomes include:

1. A shared framing of the scientific motivation

Participants will develop a community framing of why sustained interior ocean carbon
monitoring is needed, centred on quantifying ocean carbon inventories and their changes
through time. This framing will include dissolved inorganic carbon, total alkalinity, dissolved
organic carbon, anthropogenic carbon, and related biogeochemical and physical variables
needed to interpret changes in ocean carbon storage. Particular attention will be given to the
role of interior observations in constraining anthropogenic carbon uptake, detecting climate-
driven changes in ocean carbon storage, supporting assessment of marine carbon dioxide
removal, and improving the foundational estimates used in global carbon budgets.

2. A value-chain view of interior ocean carbon observing

The workshop will identify the key elements of the interior ocean carbon observing value chain,
from sustained observations through data synthesis, reconstruction, uncertainty
quantification, and the production of science-ready data products. A central outcome will be a
move away from platform-by-platform thinking toward an integrated observing system
perspective that considers the complementarity of existing and emerging observing networks,
including GO-SHIP, GLODAP, BGC-Argo, OceanSITES/time-series sites, repeat hydrography,
ships of opportunity where relevant, and other regional or autonomous observing efforts.

3. Initial priorities for observing-system design
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The workshop will identify the main scientific and technical priorities that should guide interior
ocean carbon observing design. These may include priority variables, depth ranges, regions,
timescales, processes, and uncertainty targets. Rather than seeking a final definition of an
“optimal” system, the workshop will aim to clarify what “optimal” should mean in this context,
including possible metrics related to inventory change, trend detection, attribution, spatial
coverage, uncertainty reduction, process representation, and compatibility with global carbon
budget needs.

4, Assessment of existing methods and readiness

Participants will review the current state of methods available (review put together by
organizing committee) for interior ocean carbon observing design, including data-based
reconstruction approaches, machine-learning and statistical mapping methods, network
analysis, observing-system sensitivity studies, decorrelation length-scale analyses, and
model-based approaches. The workshop will explicitly assess which approaches are mature
enough to inform near-term observing design, and where further method development is
required. Given the present limitations of interior ocean carbon observing system simulation
experiments, the workshop will consider OSSEs as a longer-term objective rather than the
primary near-term tool.

5. Roadmap for a follow-on community activity

The workshop will define a roadmap for a coordinated post-workshop activity, potentially
including a formal working group, task teams, or an intercomparison framework analogous in
spirit to SOCOM. This roadmap will identify the analyses, datasets, products, and expertise
needed to move from scoping toward quantitative observing design recommendations. It will
also define a realistic timeline, milestones, and responsibilities for developing community-
endorsed outputs.

Since June 2026 IOCCP works on the following tasks leading to the implementation of the
workshop:

. Work with partners and stakeholders to secure funding to hold a 2.5-day, 20-30-
person workshop (IOC-GOOS and NOAA-GOMO have already confirmed their
intention to co-fund this activity)

. Work with partners to secure a host location for the workshop (IOCCP’s hosting
institution, IOPAN in Sopot, Poland agreed to host the workshop, free of charge for
the meeting venue)

. Establish a workshop Scientific Organizing Committee (SOC). Louise Delaigue (LOV,
France) and Siv Lauvset (NORCE, Norway) agreed to co-chair the SOC and individual
members are being contacted.

J Work with SOC to develop a workshop scoping document and agenda
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J Work with SOC to establish a list of desired expert participants including

observationalists contributing to GLODAP, BGC-Argo community, Long-term ocean
timeseries operators and 4D BGC products modelers

Once implemented, the workshop will aim to produce:

a short workshop report summarizing the scientific motivation, agreed priorities,

methodological readiness, and recommended next steps;

e adraft mandate and structure for a follow-on working group or task team;

e an outline for a community intercomparison or benchmarking activity focused on
interior ocean carbon reconstruction and observing design;

e aproposed timeline for developing science-based observing design recommendations;

e identification of near-term opportunities for coordination across existing observing

networks and data-product communities.

Cross-Network Coordination for Effective Ocean Carbon Observing

To enhance and streamline future monitoring of the ocean’s evolving carbon cycle, the IOCCP
has heavily prioritized cultivating and optimizing cross- observing network coordination in that
space. A major milestone in this effort is an upcoming peer-reviewed paper titled Cross-
Network Synergies Fundamental to Sustained Global Ocean Carbon Observing, which is
currently targeted for imminent publication in Earth’s Future. Led by IOCCP SSG co-Chair
Adrienne Sutton (with Richard Sanders and Maciej Telszewski co-authoring the paper), this
comprehensive work is the direct result of extensive collaboration across the science
committees of the world’s major ocean observing networks. It encapsulates our collective
vision for the future, detailing how maximizing synergies across independent networks is an
absolute necessity to close critical knowledge gaps, improve climate predictions, and enable
advanced ocean ecosystem forecasting.

The Need for a Unified Approach

The ocean absorbs approximately 25-30% of the carbon dioxide (CO,) emitted by human
activities, a process that is fundamentally altering marine carbonate chemistry and impacting
global ecosystems. Tracking the ocean’s response to this climate forcing—and understanding
potential carbon-climate feedbacks—requires robust, sustained observations that can
differentiate long-term climate signals from natural background variability. Given the vast scale
and complexity of the ocean carbon cycle, no single observing network can measure every
required parameter across all spatial and temporal scales. Therefore, a coordinated approach
leveraging the unique strengths of the Global Ocean Ship-based Investigations Program (GO-
SHIP), the Surface Ocean CO, Observing Network (SOCONET), and Biogeochemical-Argo
(BGC-Argo) is essential.
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The publication highlights how these three distinct Global Ocean Observing System (GOQOS)
networks provide the critical research infrastructure necessary for modern carbon science:

e GO-SHIP: Operating decadal, basin-scale research cruises, GO-SHIP provides highly
accurate, full-depth reference measurements of physical and chemical variables. These
climate-quality observations are foundational for characterizing long-term changes in
interior ocean anthropogenic carbon storage and estimating essential calibration fields.

e SOCONET: As a newly formalized GOOS network organized around the surface ocean
partial pressure of CO, (pCO,) Essential Ocean Variable, SOCONET delivers the high-
frequency, reference-quality surface measurements required to constrain air-sea CO,
exchange. Its data feeds directly into the Surface Ocean CO, Atlas (SOCAT) and
underpins the development of air-sea CO, flux maps required by initiatives like the WMO
Global Greenhouse Gas Watch.

e BGC-Argo: This network of autonomous profiling floats delivers high-frequency
(approximately 10-day intervals) data from the surface down to 2,000 meters. BGC-Argo
capturesthe sub-decadal seasonal and interannual variability that occurs between GO-
SHIP cruise occupations, providing unique insights into biological carbon uptake and
ocean deoxygenation amongst other processes.

The core thesis of the collaborative paper is that these networks are inherently interdependent.
Maximizing their scientific output requires formally recognizing and optimizing these synergies.
A primary dependency is platform access; for example, GO-SHIP research vessels visiting
remote ocean regions are responsible for deploying approximately 20% of all Argo floats.
Furthermore, the reference-quality data collected by GO-SHIP and SOCONET are heavily relied
upon to validate the sensors on autonomous BGC-Argo floats. Co-located validation casts
performed during float deployments are critical for ground-truthing float-based
measurements.

These integrated in situ observations also serve as the ultimate validation asset for satellite
oceanography, which in turn provides the spatial interpolation necessary to map sparse
surface observations globally.

Strategic Recommendations for the Future

To transition from a loose affiliation of observing platforms to a truly integrated system, the
paper's authors—representing the leadership of these major networks—commit to an intra-
network strategy containing several actionable recommendations:

e Co-designing Cross-Network Priorities: Observing network designs must be viewed
holistically. The scientific community must collaboratively define the minimum quantity
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and quality of measurements required globally, ensuring that as individual networks
evolve, they purposefully address collective observing gaps.

e Ensuring Data Interoperability: Networks must actively automate information
exchange across data systems. Meeting Findable, Accessible, Interoperable, and
Reusable (FAIR) data requirements will streamline the creation of 4-D data products and
improve timely access for model validation.

e Utilizing GOOS Forums: The community should leverage existing Global Ocean
Observing System infrastructure (like the Observations Coordination Group) to routinely
share best practices, track technical progress, and engage with emerging networks (e.g.,
the Surface Uncrewed Network Fleet) to avoid duplicative efforts.

o Building Responsive Infrastructure: Future cooperative frameworks must be designed
to respond to rapidly emerging phenomena. The global system must be agile enough to
redirect autonomous assets (like SOCONET uncrewed surface vehicles) to monitor
extreme, event-scale disruptions such as marine heatwaves.

e Expanding Supporting Infrastructure: Ultimately, achieving these cross-network
synergies requires moving beyond short-term research grants. The paper strongly
advocates for sustained, operational funding models and calls attention to the urgent
need for enhanced physical infrastructure, noting challenges such as the shrinking size
of the academic research fleet.

IOCCP will continue to develop and execute technical activities helping our community
respond to these recommendations. Some aspects however, require much higher-level
interventions at the intergovernmental and international fora, and to achieve that we will be
working with our partners and stakeholders.

Update of Essential Ocean Variables Specification Sheets

To fulfil one of our major Terms, which is to strengthen the observation, integration, and use of
the Biogeochemical Essential Ocean Variables (BGC EQVs) to better monitor ocean health,
support climate assessments, and develop societally relevant indicators, in the past 12 months
the IOCCP SSG has extensively worked with community experts to design, initiate and start
implementing an overall update of the BGC EQV Specification Sheets.

We are able to do that thanks to funding we secured through the EU BioGeoSea Project, which
allowed us to employ an additional IOCCP Project Officer, Malek Belgacem, responsible for
several tasks related to biogeochemical EOVs and indicators.
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A key part of this ongoing effort was revising the current EOV Specification Sheets, which are
supposed to guide the design and implementation of global ocean observing systems by
defining the scientific interest, observing requirements, observations approaches, and data
management pathways associated with each EOV. Their main objective is to support the
generation of globally comparable and interoperable observations, allowing data collected by
different operators, platforms and observing systems to be combined into a coherent global
dataset.

To fulfill this, the Spec Sheets must provide clear and up-to-date guidance on how observations
should be carried out, validated, managed, and delivered to end users. However, the current
version of the BGC EOV Spec Sheets was developed several years ago (2017), and important
developments have occurred since then in observing technologies, methods, data
management plans, and observing networks. A systematic review and update is required to
assure that the existing Spec Sheets remain fit-for-purpose.

The major focus in the past 8 months was to evaluate and assess the current Spec Sheets and
identify gaps that limit their effectiveness. The assessment focused on determining whether
the Spec Sheets are up to date, whether they can be readily used by operators, and how
efficiently they support the generation of standardized measurements.

This gap assessment covered the Spec Sheets of nine BGC EOVs currently defined within
GOOS: Oxygen, Nutrients, Inorganic Carbon, Transient Tracers, Particulate Matter, Nitrous
Oxide, Stable Carbon Isotopes, Dissolved Organic Carbon, and Ocean Colour. For each EOQV,
the Spec Sheet was reviewed to evaluate its completeness, consistency, and alignment with
current observing capabilities.

A detailed description of the gaps identified for each EOV Spec Sheet was delivered as a
milestone to BioGeoSea project in March 2026. This 24-page long document is available on
request. EOV teams (most including at least one IOCCP SSG member), led by lead authors
assigned to each Spec Sheet are now in the process of providing input in response to identified
gaps and we will report on the update process in due time. However, several cross-cutting
issues emerged that are identified as critical barriers to global use of the EOV framework, and
will be prioritized in the revision process. These can be grouped into three categories: structural
gaps (affecting all Spec Sheets), key scientific gaps (related to observing requirements), and
secondary improvements (that would enhance usability and clarity).

Structural gaps

The assessment showed that several structural limitations occur consistently across most EOV
Spec Sheets. Current documents do not clearly describe the full observing value chain linking
measurements to final information products. Future revisions should clarify the relationship
between observing platforms, measurements techniques, data management systems,
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synthesis products and indicators. Furthermore, improvements in guidance on metadata
standards, FAIR principles, updated references and links to community standards and best
practices are needed. Inconsistencies between tables and figures introduce redundancy and
reduce clarity. A harmonized Spec Sheet template should therefore be adopted for all EOVs.

Key scientific gaps

One of the most critical gaps concerns the definition of uncertainty and detectability
requirements. Without this information, Spec Sheets cannot function as operational observing
guidance, because observing system designers cannot determine the level of
accuracy/calibration required to detect specific phenomena. Future revisions should include
explicit information about uncertainty, thresholds, drift tolerance and calibration requirements
(such as the use of reference materials).

Secondary improvements

Additional improvements which would increase the usability of the Spec Sheets across board
were also identified. These include clearer definition of spatial/vertical coverage requirements,
updates reflecting technological developments since 2017, stronger links to international
observing frameworks such as GOOS, GCOS, and WMO RRR. By addressing these issues,
clarity and operational usefulness for long-term practical uses will be improved.

In addition to the gap analysis described above, a common, cross-disciplinary (Physics,
Biogeochemistry, Biology and Ecosystem) Specification Sheet template was developed and
approved by three GOOS Panels (including IOCCP) to enable cross-disciplinary connections in
observing system design and implementation and to provide more clarity on EOVs to the whole
ocean observing community. Developing a common template for EOV Specification Sheets is
not just an administrative formatting task; it is a powerful piece of "soft infrastructure" aimed at
solving the interoperability challenges as identified in the gaps assessment exercise. Including
elements of the EOQV Specification Sheets which will clearly direct to requirements expressed
by other disciplinary communities will not solve the whole cross-disciplinary integration
problem, but it will provide a solid foundation to build the elements of the value chain with more
appreciation for the cross-disciplinary nature of the observing system. In particular:

e |t forces semantic interoperability (common language) accounting for the fact that
different disciplines use different terminologies (like "sampling frequency" versus
"survey intervals")

e [t aligns readiness expectations by including a mandatory section on "Readiness level
assessment”, which also exposes exactly where the gaps are across the disciplines.

e |t clarifies variables vs. phenomena vs. indicators, which was one of the bigger cross-
disciplinary confusions is the difference between what you measure (the variable), why
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you measure it (the phenomenon) and how you use the measurement to inform
stakeholders (indicator).

e |t includes recommended or endorsed best practices as a reference (and guiding)
methodology for observations.

e |t targets more diverse audiences than the original template developed in 2014,
including ocean observers, hardware developers, data managers, decision-makers,
policymakers and funders.

e ltresponds to the needs of the three GOOS Expert Panels as well as other users outside
GOQOS, such asthe WMO Rolling Review of Requirements, the Global Climate Observing
System (GCOS) or the Group on Earth Observations Biodiversity Observation Network
(GEO BON)

e |t shows connections to (multiple) societal benefits across different disciplines
(Climate, Ocean Health, Operational Services) helping funding agencies and
policymakers see the cross-disciplinary value of a single observation.

In the coming months IOCCP and BioGeoSea will continue to coordinate the Spec Sheet
update, working with disciplinary experts, consulting with a range of identified stakeholders
and testing with selected users and implementers. An updated set of biogeochemical EOVs is
hoped to be published by the end of August 2027.

Global data synthesis activities

IOCCP continues to contribute to overcoming challenges and to developing strategic actions
related to the established global data synthesis products (Surface Ocean CO, Atlas - SOCAT,
and Global Ocean Data Analysis Project - GLODAP), as well as new and emerging data
synthesis products as needed (GO,DAT, METS RCN, MEMENTO, SPOTS).

Surface Ocean CO; Atlas (SOCAT)

Since 2011, the community-led Surface Ocean CO, Atlas (SOCAT, www.socat.info) has served
as the foundational global synthesis product for in situ oceanic surface partial pressure and
fugacity of CO, measurements. Released publicly on an annual cycle, SOCAT provides quality-
controlled, standardized data essential for climate assessments, Earth System Model
evaluations, and international policy frameworks. Over the past decade, ocean carbon uptake
has averaged 3.2 PgCyr~"' (accounting for 29% of anthropogenic CO, emissions), significantly
exceeding land carbon uptake (2.4 PgCyr”) by approximately 30%. Accurate, high-resolution
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quantification of this oceanic sink is paramount for guiding global climate policy, evaluating
mitigation strategies, and tracking ocean acidification.

Despite its critical role across the climate observing value chain, SOCAT continues to operate
primarily as a community-driven research activity rather than through sustained operational
funding streams. The IOCCP (notably through Lange, Jones, Sanders and Telszewski) works
continuously across the observing value chain to engage international partners, users, and
funding bodies to transition SOCAT and associated observing platforms toward long-term,
sustained operational support.

Key Features & Data Composition of SOCAT v2026

The SOCAT version 2026 released in June 2026 expands the global baseline with significant new
data contributions from diverse observing platforms, including research ships, Voluntary
Observing Ships (VOS), moorings, uncrewed surface vehicles (USVs), yachts, and drifting
buoys:

e \Version 2026 incorporates 394 newly submitted datasets and updates 19 existing
datasets.

e The primary quality-controlled SOCAT synthesis product now contains 44.0 million in-
situ surface ocean fCO, measurements collected between 1957 and 2025 with an
estimated accuracy of better than 5 microatm.

e An additional 8.4 million fCO, values—derived predominantly from alternative and
emerging membrane-based sensors with uncertainties between 5 and 10 microatm —
are quality-controlled and made separately available to the community.

e The SOCAT "QC Cookbook" requires complete metadata for all newly submitted
datasets (Flags A-D) and assigns Flag E to acceptable data from lower-accuracy or
membrane-based sensors.

An analysis of the historical data coverage in SOCAT v2026 illustrates both progress and
ongoing gaps across global marine basins:

o Data Density: Between 2021 and 2025, high sampling density remains heavily
concentrated in the Northern Hemisphere, specifically the North Atlantic, North
Pacific, and coastal margins.

o Persistent Observing Gaps: fCO, data availability remains critically low across
the Southern Hemisphere, the Indian Ocean, the South Pacific (south of 30S),
and the Arctic Ocean.

o Gridded Monthly Coverage: The number of unique 1x1 degree, monthly grid
cells with high-quality fCO, data peaked between 2015 and 2017 (approaching
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18,000 grid cells/year) and has since stabilized at lower levels (~12,000 to 14,000
grid cells/year) through 2024-2025.

o Total Data Volume Evolution: Total annual fCO, observations rose sharply from
under 0.5 million values per year in the late 1990s to peak at over 2.5 million
values per year in 2023, maintaining high submission volumes in v2026.

o Quality Flag Distribution: High-accuracy measurements (Flags A and B)
continue to represent a substantial proportion of historical data. The inclusion of
Flag E data (< 10 microatm, membrane-based sensors) has steadily increased
over the past decade, capturing data from expanding autonomous surface
platform arrays.

Scientific Findings, Applications, and Policy Impact

SOCAT data products are cited in more than 100 peer-reviewed scientific articles and
international reports annually, providing directimpact across oceanography, climate modeling,
and international policy:

o Divergence Between Observational Products and Ocean Models: In the Global
Carbon Budget 2025, SOCAT-based surface pCO, mapping products demonstrate that
the global ocean CO, uptake is consistently 0.6 PgC yr' larger than estimates produced
by Global Ocean Biogeochemical Models (GOBMs) over the 2015-2024 period. This
significant divergence underscores the necessity of sustained in situ observations to
evaluate and constrain numerical Earth System Models.

e Quantifying Ocean Acidification: SOCAT surface carbonate chemistry data serve as
the cornerstone for mapping global ocean acidification indicators (e.g., pH, aragonite
saturation states) from pre-industrial times to the present.

o Validating Emerging Sensor Technologies: Reference-quality measurements in
SOCAT are actively used to cross-validate and calibrate autonomous sensor arrays,
including Biogeochemical-Argo floats and surface drifters.

e Core Pillar for Policy & Mandates: SOCAT products represent a critical operational
input for the WMO Global Greenhouse Gas Watch (G3W), the UNFCCC Global
Stocktake, UN Sustainable Development Goals (SDG 13: Climate Action & SDG 14: Life
Below Water), and the UN Decade of Ocean Science for Sustainable Development.

Governance Milestones & Structural Updates
To safeguard the operational viability of the synthesis effort and relieve pressure on long-
standing infrastructure, several structural milestones were achieved in 2026:
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1. Establishment of a Second Data Hub: In 2026, a second SOCAT processing hub
officially opened at the Flanders Marine Institute (VLIZ) in Ostend, Belgium, established
initially for a 2-year period. This development partially mitigates the historical risk of
reliance on a single data hub.

2. Community QC Hackathon: The first dedicated SOCAT Quality Control Hackathon was
hosted in 2026 to train new scientists, expand the reviewer pool, and streamline the
secondary quality control workflow.

3. Governance Consultation: Acommunity-wide consultation on SOCAT governance was
conducted in 2026 to refine institutional roles, data stewardship, and long-term
strategic oversight.

Looking ahead to the next operational cycle, the timeline for SOCAT version 2027 has been
established:

e Data Submission Deadline: 15 January 2027.
e Quality Control Deadline: 19 March 2027.

e Technical Enhancements: Ongoing initiatives include upgrading SOCAT's interactive
viewers and secondary QC platform, as well as automating metadata uploading
procedures to streamline submission for data providers.

Continued international coordination via the IOCCP, and sustained financial investment in
both observing networks (SOCONET) and data synthesis (SOCAT) remain vital to ensure the
delivery of high-quality ocean carbon information to global decision-makers.

The Global Ocean Data Analysis Project version 3 (GLODAPvV3)

In the past 12 months and beyond, the GLODAP Reference Group led by IOCCP SSG expert
Nico Lange, worked towards the release of the new Global Ocean Data Analysis Project version
3, (GLODAPV3). Published in early July 2026, this dataset continues to be the most
comprehensive ocean interior collection for several biogeochemical parameters.

GLODAP is a synthesis effort providing surface-to-bottom ocean biogeochemical observations
determined through chemical analysis of discrete bottle samples, with an emphasis on
seawater inorganic carbon chemistry and related variables. Version 3 of GLODAP comprises
data from 1181 cruises, spanning more than 50 years of observations (1972 - 2023). It includes
all data from the previous GLODAPv2.2023 (Lauvset et al., 2024) together with newly added
data from 57 cruises. For all cruises, 13 core variables (temperature, salinity, oxygen, nitrate,
silicate, phosphate, dissolved inorganic carbon, total alkalinity, CFC-11, CFC-12, CFC-113,
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CCl,, and SF6) have undergone extensive quality control with particular focus on the
identification and removal of systematic differences between cruises.

The data are available in two formats: (i) as submitted by the data originators, converted to
World Ocean Circulation Experiment (WOCE) exchange format, and (ii) as a merged data
product in which adjustments have been applied. These adjustments were determined using
crossover analyses in combination with a newly developed global inversion method, the
furthest-first routine. The applied adjustments are intended to remove systematic differences
arising from differences in measurement methods, calibration, and/or data-handling practices,
while preserving known or likely temporal trends and natural variability. The consistency of the
adjusted data product is estimated to be 0.0013 for salinity, 0.7% for oxygen, 0.4% for nitrate,
0.5% for silicate, 0.5% for phosphate, 1.2 pmol kg™" for dissolved inorganic carbon, and 1.4
pmol kg~ for total alkalinity. Consistency estimates could not be derived for transient tracers,
but they are believed to be consistent to better than 5% (10% for SFy).

The enhanced consistency enables different datasets to be used together with greater
confidence. Newly introduced cruise-specific uncertainty estimates for all core variables
provide more granular quantifications of remaining cruise-to-cruise inconsistencies.
Additional variables, including pH, discrete CO, fugacity (fCO,), isotopic tracers, and others,
were not subjected to secondary quality control but are included in the data product.

The procedures and results are extensively documented in:

e Lange, N., Lauvset, S. K., Carter, B. R., Humphreys, M. P.,, Woosley, R. J., Olsen, A., Bittig,
H. C., Kozyr, A., Alvarez, M., Azetsu-Scott, K., Becker, S., Brown, P. J., Cotrim da Cunha,
L., Dias, L., Hoppema, M., Ishii, M., Jeansson, E., Murata, A., Mlller, J. D., Pérez, F. F.,,
Schirnick, C., Steinfeldt, R., Ulfsbo, A., Velo, A., and Tanhua, T.: The Global Ocean Data
Analysis Project version 3 (GLODAPV3) — an internally consistent biogeochemical data
product for the world ocean, Earth Syst. Sci. Data Discuss. [preprint],
https://doi.org/10.5194/essd-2026-496, in review, 2026.

e Humphreys, M. P,, Lauvset, S. K., Lange, N., Bittig, H. C., Carter, B. R., Hoppema, M.,
Murata, A., Olsen, A., Tanhua, T., Ulfsbo, A., Velo, A., Woosley, R. J., Azetsu-Scott, K.,
Mdller, J. D., and Pérez, F. F.: Furthest-first inversion for internal consistency adjustments
in the biogeochemical data product GLODAPv3, EGUsphere [preprint],
https://doi.org/10.5194/egusphere-2026-3063, 2026.

Despite well-defined use cases and specific future ambitions, the GLODAP effort remains
entirely dependent on project-based funding. This structural limitation poses challenges for
long-term sustainability and capacity planning. IOCCP continues to work with and within
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(Lange, Telszewski) the GLODAP Reference Group to motivate international appreciation for the
need for sustainable support for GLODAP. In addition, a continued decrease in the number of
available cruises since approximately 2015 represents an ongoing constraint, potentially
affecting future data coverage and update frequency. A similar decline in data availability has
also been observed in SOCAT. Currently continued updates of GLODAPvV3, similar to those for
GLODAPv2, have not been yet funded.

Digital Infrastructure, Engagement & Community Building
Modernizing IOCCP’s Visual Identity and Brand Assets

To keep pace with the evolving digital communications landscape and better serve the
international ocean carbon community, the |IOCCP, under the leadership of our
Communications Officer - Dominik Krzyminski, undertook a comprehensive refresh of its visual
identity between September 2025 and January 2026. As the IOCCP’s operational scope
expands—particularly in its dual role as the Global Ocean Observing System (GOOS)
Biogeochemistry Panel—maintaining a cohesive, modern, and recognizable brand identity
across digital platforms, publications, and international forums became essential.

The refreshed brand symbol visually synthesizes core elements of our mission: the Earth’s
globe, ocean waves, data graphs, and marine particles, harmonized into a clean, geometric
circular form.

()~ il + B - )

Globe Waves Data Particles

The logo uses consistent line weights and incorporates orange accents to intentionally align
with the GOOS color scheme for biogeochemical Essential Ocean Variables (EOVs).

5 10CCP
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To ensure institutional consistency across all outreach, a comprehensive brand manual was
produced alongside a suite of standardized visual assets, including PowerPoint templates,
theme icons, meeting backgrounds, roll-up displays, and print materials. This visual coherence
is not merely cosmetic; it ensures that IOCCP’s scientific resources, guidelines, and
frameworks are immediately identifiable and trusted by the diverse stakeholders who rely on
them—from field researchers to international policymakers.

Relaunch of the IOCCP Website
Building on this new visual identity, the IOCCP launched a completely redesigned website
(ioccp.org) to serve as a hub for the community.

% 10CCP

©) AboutUs SSG Themes News Events Jobs Documents in)

We provide coordination
and communication services
for marine biogeochemistry
community

The updated portal features an intuitive information architecture, responsive design for desktop
and mobile devices, and improved digital accessibility to reflect current web standards. It
serves as a centralized open-access repository for community resources, workshop outputs,
EQV specification sheets, and project updates.

Between September 2025 and July 2026, web analytics demonstrate strong international
engagement with the new platform[cite: 7]:

e User Reach: The portal recorded 6,600 active users and 57,000 interaction events,
with users spending an average of 51 seconds engaged with the content per session.
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Active users New users Average engagement time per active user Event count
6.6k 6.6k 51s 57k

e Geographic Diversity: Engagement spanned all continents, with significant traffic
originating from China (2,900 users), Singapore (1,300 users), the United States (1,000
users), and Poland (622 users). Crucially, the platform also captured growing user bases
across South America, and Africa, alighing with IOCCP’s broader goal of reducing North-
South capacity disparities.

‘\0 AllUsers ) | Add comparison + Custom 1Sept 2025 - 26 Jul 2026 ~
User attributes overview Cm< ~ 27
Active users~ by Country @ - Active users~ by Language @ ~
COUNTRY ACTIVE USERS
China 2.9k
Singapore 1.3k
e Russian l
United States 1k French I
Poland 622 Spanish l
Russia 269 German I
Germany 187 Polish I
France 163 0 1k 2k 3k 4k 5k
Map Data ©2026  Terms
View countries > View languages >

e Multilingual Audience: While English remains the primary operational language, user
language settings highlighted substantial engagement among Chinese, Russian,
French, and Spanish-speaking communities, underscoring the portal’s global utility.

o High-Traffic Pages: Data indicates that users most frequently access the home page,
the core "About Us" and governance pages, as well as the newly streamlined "Themes"
directory which houses critical ocean observing guidelines.
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Top pages/screens @ -

PAGE TITLE AND SCREEN CLASS Views ACTIVE UsERs EVENT COUNT BOUNCE RATE
HOME 2.4k 19k 6.6k 349%
International Ocean Carbon Coordinatio... T 1.8k 393 o 5.2k 321%
Surface Ocean CO2 Reference Observi... - 506 - 148 - 1.6k 19.0%
trafficheap.cc - 502 B 502 . 2k 0.2%
trafficheap.com - 501 - 501 - 2k . 0.2%
Themes - International Ocean Carbon C... B 39 - 87 B a19 . 37%
News - International Ocean Carbon Coo... ) 370 . 137 ’ 869 - 19.9%
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Targeted Outreach via Newsletter

To foster regular dialogue with the community, the IOCCP newsletter was aligned with the new
visual identity and is now published more routinely. The newsletter serves as an important tool
for disseminating new resources, sharing news, and driving organic traffic to the IOCCP portal.
Since the website relaunch in December 2025, 20 newsletters have been delivered to a
dedicated base of 825 confirmed subscribers, providing curated updates on ocean
biogeochemistry events, funding opportunities, and scientific publications.
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Strategic Community Engagement via Linkedin

In September 2025, the IOCCP strategically shifted its primary social media outreach from X
(formerly Twitter) to LinkedIn. This transition was driven by the platform's superior features and
the ocean science community’s increasing consolidation on this professional platform.
LinkedIn allows for deeper engagement with partner institutions, research laboratories, policy
frameworks, and early-career scientists.

° = a
m Q Search w a: = L] -
Home My Networ obs Messaging Notifications

) =44 '

AR Je

International Ocean Carbon Coordination Project (IOCCP)
Towards a sustained global observation network for marine biogechemistry

search Services - Sopot, Poland - 1K followers - 2-10 employees

" Maciej & 1 other connection work here
( e N
7 Message (_ ¢ Following ) (=)

Home About Posts Jobs People

Over the 10-month reporting period (September 2025 - July 2026), the LinkedIn strategy yielded
measurable growth and community engagement:

£m 10CCP
LinkedIn followers growth

2025 Dec2025 Jan 2026 ) 2026 Jun 2026 Jul 2026

e Audience Growth & Geography: The page attracted 1,365 followers, establishing a
steady upward growth trajectory. While the United States and Europe are heavily
represented, the follower locations clearly show a global footprint extending deeply into
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India, South America, and parts of Africa, proving the effectiveness of the platform for
global outreach.

Followers' Worldwide Locations

@ Washington DC-Baltimore Area @ Gdansk Metropolitan Area, Poland @ Greater Paris Mefropolitan Region, France @ Grand Tunis Metropolitan Area, Tunisia @ Greater Halifax Metropolitan Area, Canada
@ GreaterKiel Area, Germany @ Greater Seattle Area @ Brussels Metropolitan Area, Belgium Greater Southampton Area, United Kingdom @ Greater Delhi Area, India @ New York City Metropolitan Area

) Greater Boston Greater Barcelona Metropolitan Area, Spain Greater Hobart Area, Australia Greater Buenos Alres, Argentina Greater Chennal Area, India
Greater Nice Metropolitan Area, France San Diego Metropolitan Area Lisbon Metropolitan Area, Portugal Greater Bengaluru Area, India London Area, United Kingdom, United Kingdom
Mumbai Metropolitan Region, India Cairo, Egypt Greater Toulouse Metropolitan Area, France @ Athens Metropolitan Area, Greece @ Greater Bergen Region, Norway

@ Greater Gothenburg Metropolitan Area, Sweden @ Berlin Metropolitan Area, Germany @ Galway Metropolitan Area, Ireland @ Bogota D.C. Metropolitan Area, Colombia @ Denver Metropolitan Area
@ Greater Istanbul, Turkiye @ Los Angeles Metropolitan Area @ Ostend Metropolitan Area, Belgium @ Greater Hyderabad Area, India @ City of Cape Town, South Afica @ Greater Hamburg Area, Germany
@ Greater Plymouth Area, United Kingdom @ The Randstad, Netheriands, Netherlands @ Greater Brest Area, France @ San Francisco Bay Area @ Casablanca Metropolitan Area, Morocco
@ Alexandria, Egypt @ Greater Kolkata Area, India @ Zirich Area, Swif ® Greater Edil Area, United Kingdom @ Helsinki Metropolitan Area, Finland
@ Jakarta Mefropolitan Area, Indonesia @ Geneva Area, @ Ghent Area, Belgium @ Greater Rio de Janeiro, Brazil @ Greater Naples Metropolitan Area, italy
Brahmapur, India @ Greater Rome Metropolitan Area, ltaly @ Nairobi County, Kenya @ Greater Bremen Area, Germany @ Greater Venice Metropolitan Area, Iitaly
@ Greater Madrid Metropolitan Area, Spain Singapore @ Greater Norwich Area, United Kingdom, United Kingdom @ Honolulu Area @ South Africa @ Metro Manila, Philippines
@ Makkah Region, Saudi Arabla @ Greater Sydney Area, Australia @ Hong Kong SAR,China @ Greater lzmir, Tirkiye @ Rabat Metropolitan Area, Morocco @ Wilhelmshaven, Germany
Greater Ankara, Turkiye @ Greater Stockholm Metropolitan Area, Sweden @ Greater Rostock Region, Germany @ Miami-Fort L Area @ X @ Lahore, Pakistan
@ Concepcion, Chile @ Portland, Oregon Metropolitan Area @ Cologne Bonn Region, Germany @ Dhaka, Bangladesh @ Dakar, Senegal @ Yaoundé, Cameroon Greater Dublin, Ireland
Lima Metropolitan Area, Peru @ Chattogram, Bangladesh @ Addis Ababa, Ethiopia @ Greater Yogyakarta, indonesia @ Greater Trieste Metropolitan Area, Italy @ Bhubaneswar, India 12 more

o Demographic Profile: While researchers and educators formed the largest segment of
followers, the audience includes professionals in engineering, information technology,
operations, and program management. This diversity is vital, demonstrating that
IOCCP’s messaging reaches not just oceanographers, but the technicians building the
instruments and the managers implementing the networks.
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e Content Metrics: Across 59 published posts, the page generated 68,883 impressions
and reached 38,222 unique members, recording 1,519 reactions, 26 comments, and 51
reposts.

e High-Impact Content: Content highlighting collaborative community milestones
performed exceptionally well. Top-performing posts included an international job
announcement for an IOCCP Project Officer under the BioGeoSea project (9,421
impressions), live coverage of the Surface Ocean Carbon Observing Design Workshop
in Ostend (3,218 impressions), and the official announcement of the IOCCP mission and
visual refresh (3,206 impressions).

Ultimately, these digital infrastructure and communication enhancements provide a robust,
modern foundation. By making scientific coordination transparent, accessible, and visually
compelling, IOCCP is better equipped to connect global scientists, attract funding, and
support sustained ocean carbon observations in the years ahead.

Certified Reference Materials for measurements of the seawater carbonate
system.

In the past 12 months we continued to work along a long-term strategy to stabilize and diversify
the production, certification and distribution of the carbonate system certified reference
materials required for ocean measurements of the marine carbon cycle including
anthropogenic carbon and coastal ocean acidification. Under the leadership of Maribel Garcia-
Ibanez, the IOCCP SSG worked closely with several international and national partners (in that
period specifically with the Joint Programming Initiative (JPI) Oceans Knowledge Hub on Ocean
Carbon Capacities and the European Metrology Network for Climate and Ocean Observation)
to get the overall supply of ocean CO, reference materials recognized as critical infrastructure
and mobilize the urgent investment it needs.

In the latest attempt to communicate this need, in August 2026 we published a callto secure a
resilient, sustainable, and globally coordinated supply of certified reference materials for
measurements of the seawater carbonate system. It’s clear that accurately determining the
magnitude, trend, and variability of the ocean carbon uptake is essential for closing the Global
Carbon Budget, understanding changes in the climate system, and supporting major scientific
assessments, including those of the Intergovernmental Panel on Climate Change (IPCC).
Achieving these objectives depends on measurements of the seawater carbonate system that
are traceable and comparable across laboratories, observing programmes, regions, and
decades. Reference materials provide the common measurement basis needed to achieve this
comparability (Dickson, 2010). They are essential for monitoring ocean acidification and
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broader changes in the marine carbon cycle, and for evaluating emerging marine carbon
dioxide removal approaches.

For decades, the global ocean carbon observing community has relied on the leadership and
sustained commitment of the Scripps Institution of Oceanography (S10), USA, as the principal
global producer and distributor of seawater carbonate system reference materials. This effort
has enabled the development of globally comparable ocean carbon observations and
represents a foundational contribution to international ocean carbon science and observing.
The community recognises and deeply values this long-standing leadership and commitment.

However, reliance on a single provider creates a structural vulnerability. An interruption
affecting production, specialised personnel, institutional funding, stock availability, or
international distribution could constrain access for laboratories and observing programmes
worldwide. The COVID-19 pandemic demonstrated how production and supply chains can be
disrupted and highlighted the risks associated with dependence on a single source
(Catherman, 2021).

In addition, long transport distances and customs-related procedures and costs already
disproportionately affect laboratories in distant or resource-constrained regions. These
constraints affect not only the reliable availability of materials, but also equitable access and,
ultimately, the quality and geographical coverage of global ocean carbon observations.

Why action is needed now

Demand for high-quality ocean carbon observations is increasing as monitoring of ocean
carbon uptake, ocean acidification, and potential marine carbon dioxide removal expands.
Growing ship-based, fixed, and autonomous observing networks, including GO-SHIP, Argo,
OceanSITES, and ICOS, are generating more geographically distributed measurements that
require consistent calibration, validation, and quality assurance. Wider efforts to strengthen
greenhouse gas observation, such as the World Meteorological Organization’s Global
Greenhouse Gas Watch, are likely to increase this demand further.

Meeting this growing demand and supporting the transition from predominantly research-
driven observation towards sustained operational ocean observing services require reliable
underlying measurement infrastructure, including the production, certification, and
distribution of reference materials.

Global Momentum

International bodies are already recognising the need for action. The Intergovernmental
Oceanographic Commission of UNESCO (I0OC) warns that without stronger, coordinated
investment, ocean observing systems, and the climate services they enable, remain at risk. The
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G7 Future of the Seas and Oceans Initiative has committed to enhanced, sustained global
ocean observation, while the G20’s Ocean20 Engagement Group calls for inclusive, equitable
access to ocean data and infrastructure. COP28’s ocean carbon accounting commitments
under the Paris Agreement and ISO standards for ocean carbon monitoring further underscore
the need for a globally coordinated supply of certified reference materials. These commitments
require operational foundations, of which a globally coordinated supply of certified reference
materials is a cornerstone.

Towards a distributed framework

We therefore support the development of a globally distributed framework of coordinated
regional reference material production and distribution hubs. A system involving major hubs,
for example across the Americas, Europe/Africa, and Asia-Pacific (Garcia-lbanez and Easley-
Vidal, 2025), would substantially improve resilience, continuity, accessibility, and long-term
sustainability while preserving global interoperability and traceability.

a‘

American hub Eurafrican hub y Asia-Pacific hub
Pacific or Atlantic or Pacific or Indian
Atlantic source Mediterranean source
source

These efforts would complement SIO’s long-standing role, ensuring harmonisation and
certification in collaboration with national metrology institutions around the globe.

Encouragingly, initiatives are already emerging. In Europe, the oceanographic and metrology
communities have begun coordinating around the creation of a European hub for the
production, certification, and distribution of seawater carbonate system reference materials.
Recentwork under the JPI Oceans - Ocean Carbon Capacities Initiative has demonstrated both
the feasibility and urgency of establishing such a distributed regional framework (Garcia-lbanez
etal., 2025). These efforts build upon existing European expertise and infrastructures, including
ICOS, EuroGO-SHIP, and national metrology institutes connected through the European
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Metrology Network on Ocean and Climate Observations, and align with the new OceanEye
Initiative by the European Commission. However, despite strong scientific engagement and
readiness within the community, sustained long-term support and funding mechanisms have
not yet been secured to support the transition from planning to operational implementation.

Beyond Europe, there are also promising developments in other regions. Activities in Japan on
multiparametric standard seawater and broader oceanographic reference material
development demonstrate the growing international expertise and interest in this field. Future
initiatives, such as China’s upcoming OceanObs Cycle may provide further opportunities to
establish globally distributed capabilities and partnerships.

We call upon national governments, funding agencies, intergovernmental organisations, and
regional and international ocean observing programmes to provide sustained long-term
financial support and coordinated international governance for the production, certification,
and distribution of seawater carbonate system reference materials. By securing their long-term
availability through a resilient global framework, we can safeguard the integrity, comparability,
and continuity of global ocean carbon observations and the climate services that depend on
them.
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