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Summary

Every two years, MACAN hosts a workshop that focuses on updates to the community on
the state of acidification science. This year MACAN responded not only to the scientific call
for community updates, but also to provide technical assistance to the community and
share information on marine carbon dioxide removal and nature-based solutions to acidic
conditions. In partnership with NOAA's Ocean Acidification Program, the Smithsonian
Environmental Research Center (SERC), and the Mid-Atlantic Regional Council on the
Ocean’s(MARCO) Coastal Carbon Collaborative (CCC), and the Mid-Atlantic Regional Coastal
Ocean Observing System (MARACOOS), MACAN expanded the state-of-the-science (SOST)
workshop toinclude technical field and laboratory demonstrations. This report outlines the
breakout discussions, presentations from workshop participants, and the coastal and
ocean acidification(COA) monitoring technologies demonstrated The main takeaways from
the meeting were: 1) marine carbon dioxide removal (mCDR) policy, reporting, and
permitting processes need to catch up with the research; 2) weather quality pH data will be
useful for expanding the monitoring network though it is important to understand what its
limitations are; 3) state agencies, federal National Estuarine Research Reserves (NERRs),
and National Estuary Partnerships are eager to participate in data sharing and expanded
collection should funding become available. This workshop followed Chatham House rules,
where notes on comments and discussion were taken without names being identified. The
full agenda for the meeting can be found in Appendix A and a participant list in Appendix B.

Workshop Objectives

e Improve/support regional collaboration on standards of practice/validation
methods for various types of instruments in coastal and estuarine waters

e Build capacity to fill spatio-temporal gaps in coastal acidification monitoring, by
connecting people and resources to set up effective monitoring, while leveraging
existing programs/sensors

e Build capacity for mCDR readiness (monitoring, research, and validation)

e Strengthen connections and collaborations across regional coastal acidification
networks (CANs)

Potential future additional deliverables could include: a technical memorandum on best
practices/standard methodology on validation sampling and community needs, the
opportunity for an internal consistency check for participants, and identifying whether
there is a need for a low-cost suite of monitoring equipment.



Acknowledgements and Disclaimers

Funding for this meeting was provided through the Mid-Atlantic Regional Council on the
Ocean(MARCO)and NOAA's Ocean Acidification Program (OAP) office. The views expressed
within thisreport do not reflect those of NOAA or MARCO. The MACAN Co-Coordinators wish
to thank MARCO and the MARACOQS for technical and administrative support. The success
of this meeting was also greatly supported by researchers and laboratory personnel from
SERC, who were integral in the planning and execution of the technical assistance portion
of this workshop. The meeting sponsors do not endorse any of the equipment or sensors
that were demonstrated at the workshop.

This meeting summary was prepared by the Mid-Atlantic Coastal Acidification Network
using Federal funds under award NA24NOSX473C0120 from the National Oceanic and
Atmospheric Administration, U.S. Department of Commerce. The statements, findings,
conclusions, and recommendations are those of the author(s)and do not necessarily reflect
the views of the National Oceanic and Atmospheric Administration or the U.S. Department
of Commerce.

Suggested Citation
Reimer, J.J., Venarde, E., and Wakefield, K. (2025) MACAN State-Of-The-Science and
Technical Workshop Report, Edgewater Maryland.



Day One and Day Two SOST Panel Sessions

Speaker presentations were 10 to 15 minutes, with at least 15 minutes for audience
questions and answers at the end of each session. The slides for each presentation can be
found in Appendix B.

Monitoring

This session highlighted monitoring priorities and provided examples of how data are used,

presented, and integrated into broader modeling and observing programs.

e Jonathan Sharp - Leveraging surface fugacity observations and machine learning to
map OA indicators in LMEs, National Oceanic and Atmospheric Administration (NOAA)

e Maria Kavanaugh - Satellite seascapes, OA, and in situ data integration, Oregon State
University

e Austin Pugh & Amy Trice - NECAN Monitoring Plan, North East Regional Association
Coastal Ocean Observing System & The Northeast Regional Ocean Council

e Gregg Sakowicz- Utility of the NERRs system and the wealth of data, Jacques Cousteau
National Estuarine Research Reserve

e Nichole Ruiz - Evaluating Satellite Chlorophyll as an Indicator of Coastal Acidification,
Mid-Atlantic Regional Council on the Ocean/MACAN

Responsible Implementation of mCDR

This session highlighted current mCDR technologies and projects in the Mid-Atlantic and

provided opportunities to discuss the responsible implementation and permitting of mCDR.

e Wil Burns - How The BBNJ Can Help Us Foster Responsible mCDR, American University
Institute for Carbon Removal Law and Policy

e Grace Andrews - Current field trials for OAE and mCDR, Hourglass Climate

e Kyle Hinson - Enhancing ocean alkalinity enhancement simulations through integrated
experimental and modeling approaches, Pacific Northwest National Laboratory

e Jeremy Testa - Overview of the pH adjustment at a water treatment plant project,
University of Maryland Center for Environmental Science

e Ashwin Murthy -State and federal permitting and compliance requirements in
mCDR/0AE, Sabin Center for Climate Change Law (Columbia University)

Nature-Based Solutions (NbS) and Blue Carbon

This session provided success stories from acidification mitigation experiments, nature-

based solutions to acidification and carbon sequestration, and how these actions are

factoring into state planning for CO, reduction and capture.

e Stephen Tomasetti - Seagrass carbon sequestration under warming stress, University
of Maryland Eastern Shore

e Annie Tamalavage - How can we use open source databases to leverage regional
policy?, Smithsonian Environmental Research Center

e SylviaTroost - Efforts for states to incorporate blue carbon planning into climate plans,
science behind this, policy work, education, etc, Pew Charitable Trusts



Biological Impacts

This session addressed new developments for species-specific impacts due to acidification,
how multi-stressors are taken into account when developing management plans, and how
data tools can be used to inform risk assessment and define vulnerability. The session also
included what data is needed to define risk, how to define risk and vulnerability, what kinds of
outcomes and tools can be useful, and lessons learned to support adaptation and resilience.
e Emily Hall - Acidification and HABs with a focus on work around Florida red tide, Mote

Marine Lab/Southeast Ocean and Coastal Acidification Network (SOCAN)

e Janet Reimer - Planning tools for identifying locations at risk for acidification, Mid-
Atlantic Regional Council on the Ocean/MACAN

e Halle Berger - Swimming a mile together: Navigating transdisciplinary currents in
Atlantic Sea Scallop research to build climate resilience in the fishery, University of
Connecticut

e Daphne Munroe - Commercial shellfish species in NJ: surf clams vulnerable and
adaptability to acidification, Rutgers University

Day One and Two Breakout Discussion Notes

What are the barriers to states integrating mCDR, OAE, blue carbon
accounting, nature-based solutions and climate mitigation/adaptation
plans into regulatory frameworks and monitoring?

SUMMARY

This discussionidentified the barriers preventing states from effectively integrating marine
carbon dioxide removal (mCDR), ocean alkalinity enhancement (OAE), blue carbon
accounting, and other nature-based climate solutions into requlatory frameworks,
monitoring, and climate/ocean action plans.

Key Barriers

1. Knowledge & Expertise Gaps

o State managers often lack technical expertise in carbon stock analysis,
carbonate chemistry, and carbon accounting, despite strong interest.

o There is a disconnect between scientists and policymakers; many officials
are at an early awareness stage (e.qg., just “looking at blue carbon” without
identifying opportunities). While the science is being carried out, results are
difficult for managersto interpret on their own, and there are often large gaps
in data that result in high uncertainty and a lack of information for managers
to use.

o Climate action plans historically focused on energy and transportation
modifications and accounting, with only recent recognition of blue carbon,
nature-based solutions, and recognizing COA as a problem that can be
addressed at the state level.



Monitoring & Data Challenges

o

There is currently limited infrastructure and knowledge capacity for
comprehensive COA monitoring (e.g., at NERRs).

Equipment costs and procurement delays hinder small states.

There is a lack of standardized protocols and reporting of uncertainty across
datasets. Datasets can also be disparate, and managers do not always have
the expertise to incorporate data into state resource planning.

States often rely on partners for data synthesis and lack user-friendly public
data tools.

A “lending library” of rapid-deployment monitoring kits could address
technical gaps, especially for short permit windows in mCDR field trials.
Establishing baseline conditions for tracking the progress of mCDR is
essential, but this work has not yet been done.

Regulatory & Institutional Barriers

o

It is often unclear who has permitting authority: jurisdiction varies (CZM
programs, coastal requlators, and agriculture runoff left under-regulated).
The requlatory framework is still catching up with the science.

Statesare oftenassumed to have the authority to set standards, but in reality,
due to the lack of a requlatory framework, there is still confusion over federal
consistency guidelines. The lack of federal direction creates fragmented
approaches across states.

Permit hurdles and long wait times slow down innovation, with high costs and
delays threatening funding.

Political & Public Engagement Barriers

o

Limited public understanding and low buy-in; people see climate issues as
pollutants or quick-fix problems.

Distrust in science, misinformation, and issue fatigue contribute to low buy-
in for COA projects.

Politically divided climate priorities lead to uneven adoption across states.
Success depends on framing(e.g., COA as a water quality issue; nature-based
solutions marketed as protecting wetlands and coasts).

Economic & Practical Concerns

o

There is a weak or unclear economic case for mCDR and blue carbon in many
regions. Carbon credit and accounting are not well understood or consistently
defined across states and federal agencies.

Even in states that have strong datasets, there is a struggle to elevate
information to decision-makers for implementation.

Funding limitations and a lack of clear return on investment cause slow
adoption of practices. This is where lessons from other states would be
helpful to those states that are building their frameworks.



Opportunities

e Targeted and goal specific(not just broad climate goals) to guide state action.

e Embedding COA/blue carbon into existing climate, water quality, and carbon
management frameworks rather than siloing.

e Leveraging partnerships (e.g., MARCO, MARACOQS, MACAN, OAP, and international
monitoring efforts) to provide technical expertise and public-facing tools.

e Building public support by connecting COA/blue carbon to local economic and public
safety benefits (coastal protection, fisheries, aquaculture siting).

e Encouraging open data sharing between states, researchers, and startups in
exchange for access to monitoring resources.

Key Takeaway

Progress on integrating mCDR, OAE, and blue carbon into state-level climate strategies is
hampered by limited expertise, fragmented regulation, limited monitoring infrastructure,
political divides, and low public engagement. Overcoming these barriers requires federal
guidance, stronger state-science partnerships, standardized monitoring, and better
communication strategies that tie ocean carbon solutions to water quality, economic
resilience, and public benefits.

How is mCDR planning using carbon stock assessments, and how can
nature-based solutions and mCDR complement each other? Are ecosystem
services being considered, and the co-benefits being identified?

SUMMARY

This session discussed how carbon stock assessments are (or are not) being used in marine
carbon dioxide removal (mCDR) planning, and how these approaches can complement or
conflict with nature-based solutions (NbS) such as marsh, seagrass, or oyster reef
restoration.

Key Points
1. Current Use of Carbon Stock Assessments

o mCDR planning does not consistently use carbon stock assessments.

o Baseline blue carbon inventories (e.g., marsh exports and sequestered
carbon) are essential to understand net benefits and track the durability of
carbon credits.

o Observing systems and strategic monitoring at tidal creek and/or sites where
marshes are flushed can support both mCDR and NbS evaluation.



2. mCDR and Nature-Based Solutions: Complement or Conflict

o

Need to evaluate co-location opportunities where mCDR could enhance NbS
(e.g., COA mitigation for shellfish industries, wastewater treatment co-
benefits).

Avoid scenarios where mCDR undermines NbS benefits; important to assess
interactions and net ecosystem effects. Though NbS benefits need to be
established first to ensure that any mechanical mCDR is not impacting NbS
and vice versa.

Nature-based solutions already incorporate ecosystem services and
community co-benefits (storm protection, erosion control, biodiversity,
recreation). mCDR should not negatively impact natural ecosystem services
but could enhance them.

3. Challenges and Barriers

o

There is a current lack of durability assurance for carbon credits and
uncertainty about long-term impacts.

There is limited monitoring and a need for more instrumentation/industry
involvement.

There are questions about scalability, especially for wastewater treatment
applications and enhancement methods.

Broader climate strategy demands large-scale emission reductions, not just
offsets from mCDR and NbS.

4. Economic & Social Dimensions

o

Carbon markets are stilluncertain and financially weak, and the general public
does not strongly connect with carbon reduction as a motivator.

Stronger public support emerges when mCDR and NbS are framed around
tangible co-benefits (e.qg., stormwater control, fisheries, hunting, local
ecosystems).

Early experiments:
m First seagrass carbon market (The Nature Conservancy with the
Virginia Institute of Marine Science).
m ‘Resilience credits”(e.qg., some hotels in Mexico do this).
m Artificial oyster reefsin Florida are gaining local support.
Carbon credit prices may remain low, but some companies still want “green

branding.”
Most companies, state agencies, and people do not participate in carbon
credits, and there is little general knowledge about them



5. Broader Context

o U.S. policies and markets fluctuate with political cycles, limiting long-term
consistency for carbon markets and climate priorities.

o Compared to Europe, U.S. land-use and energy policies treat land as
disposable and continue to subsidize fossil fuels heavily, making it difficult to
advance carbon markets, mCDR, and NbS.

o Ultimately, many people believe that emissions reductions and renewable
energy investments are more cost-effective than relying solely on CDR.

Key Takeaway
Carbon stock assessments are underutilized in mCDR planning but could provide essential
baselines for evaluating durability, co-benefits, and tradeoffs. Integrating mCDR with
nature-based solutions offers opportunities for localized benefits (e.g., COA mitigation,
shellfish resilience), but risks undermining ecosystem services if poorly planned. The
success of these approaches will depend on robust monitoring, clear carbon accounting,
stronger public engagement via co-benefits, and consistent policy frameworks.

What are some of the environmental risks of mCDR, how are they being
defined, and who is enforcing them?

SUMMARY

Participants discussed the known environmental risks of marine carbon dioxide removal
(mCDR), how they are being defined, and the challenges of enforcing safeguards. While the
discussion on barriers to implementing mCDR defined most of the challenges, it is difficult
to define risks without also discussing how risks are related to challenges.

Key Points
1. Uncertainty & Regulatory Hesitancy
e Regulators are reluctant to permit mCDR projects because risks are poorly
defined and frameworks for enforcement do not yet exist.
e Current oversight is fragmented, and no one agency is responsible for it.
Approval of permits often depends on methodologies vetted by different
bodies(e.qg., EPA, peer review, community-based monitoring).

2. Types of Risks

e There are different method-specific risks for distinct environments
o Mineral OAE: involves extractive processes with local/regionalimpacts
that must be included in assessments. Also, some minerals have small
amounts of heavy metals that can be harmful to ecosystems (e.qg.,



olivine can release chromium and zinc, which can be toxic to
phytoplankton).
o Artificial upwelling/downwelling: seen as highly risky due to potential
ecosystem disruptions.
Scaling risks: Environmental effects may change dramatically as projects
move from small pilot tests to larger deployments. Stepwise upscaling is
essential to avoid unintended harm.
Reversibility risks: If harm occurs, reversing impacts could require massive
effort, potentially impossible at large scales.

3. Monitoring & Detection Challenges

Small-scale in-situ experiments show that even intensive sampling often fails
to detect signals due to the time scales of variability in coastal environments.
Mechanistic modeling can help bridge this gap and reduce reliance on trial-
and-error ocean dumping.

Monitoring, reporting, and verification (MRV) remains underdeveloped. Some
methodological progress (e.qg., LiCor and other infrared gas analyzer direct
flux measurements)is underway in the pilot studies.

4. Long-term & Systemic Concerns

Unknown durability of carbon storage and impacts in deep water. The time
scales of storage are also unknown, and how deep biological communities will
respond to the increase in acidification.

Projects may have future regulatory implications beyond their duration,
particularly if the industry scales up. How long will monitoring be needed and
provided after the termination of a study?

Raises broader question: what are the risks of NOT pursuing mCDR compared
to those of doing it?

o Potential benefits(e.qg., pulling 1% of CO, from the air) could outweigh
risks if trade-offs are managed. But the trade-offs are not clearly
defined over space and time.

o Risks of climate inaction must be weighed alongside risks of
intervention. mCDR could detract from rapid decarbonization.

5. Enforcement Gaps

Enforcement capacity is weak: few state or federal employees are available
to monitor and regulate projects.
Current assessments often focus narrowly on what is required for permitting,
not long-term ecosystem effects.



Key Takeaways

Environmental risks of mCDR are not yet well-defined, monitored, or enforced, leaving
regulators hesitant. Risks vary by method, scale, and reversibility, and monitoring
challenges make detection difficult. Stepwise scaling, robust modeling, and new regulatory
frameworks are needed to minimize unintended harm. At the same time, risks of inaction
on climate change must also be weighed, since delaying solutions could have even greater
long-term consequences. mCDR should only be viewed as one part of the overall solution to
climate change, but the localized impacts are important as a bottom-up approach.

n

What are some of the defining characteristics of “responsible
implementation of human-induced OAE and mCDR, and how are they being
monitored?

SUMMARY

This session defined the known characteristics of responsible implementation of marine
carbon dioxide removal (mCDR) and ocean alkalinity enhancement (OAE), along with the
challenges of monitoring, requlation, and public acceptance.

Key Points
1. Data Transparency: Startups often do not share data, creating misalignment with
academic research and slowing scientific validation.

2. Community Engagement: Early and genuine engagement with local communities is
critical. Past projects(e.qg., Cornwall, Martha's Vineyard) show that a lack of trust and
late outreach can lead to rejection. Successful efforts (e.g., Ebb Carbon, Vesta in
Southampton, NY)involved communities early.

3. Regulation & Monitoring: Currently, there is little requlation or standardized
monitoring of mCDR projects, though disparate efforts are underway. Permitting
processes are inconsistent across states, and permitting offices often lack
scientific expertise. Pilot projects are too small for robust oversight but highlight the
need for future frameworks. Pre-application deconfliction of projects could move
them faster in permitting if they did prior engagement and got community buy-in.

4. Scientific Challenges: Different challenges exist for the various projects and can also
co-occur:
e Misalignment between lab research and real-world applications.
e Lack of baseline environmental data, especially in dynamic estuarine
systems.
e Difficulty balancing ambition with measurable impact.



5. Scale & Responsibility: Responsible projects usually partner with scientific
institutions, conduct thorough baseline and environmental monitoring, and pursue
transparency across the supply chain. Projects should prioritize minimizing harm,
measuring durability, and considering life-cycle impacts. Projects should also have
post-project monitoring plans to ensure that implementation does not produce
unforeseen risks after the termination of the deployment period.

6. Easily findable and searchable data: Publicly available data is essential for
transparency and broad research.
o Data, even from startups, should be required to be submitted to data
repositories that are frequently used by the acidification community, such as
NCEI, SOCAT, MARACOOQOS's OceansMap, and MARCQO's Ocean Data Portal.

7. Societal & Market Concerns: Skepticism, misinformation, and lack of understanding
can hinder projects, granting of permits, and development of policy.

e Public trustissues, skepticism, and conspiracy fears.

e Tension between commercial profit motives and environmental integrity.

e Carbon offset markets and corporate climate strategies may influence
adoption.

e (Cutting emissions remains the most important climate solution; mCDR is a
complementary tool, not a replacement.

Key Takeaways

Responsible mCDR requires early community involvement, transparent science-driven
practices, stronger regulatory frameworks, and safeguards against unintended harm.
Scaling these technologies will require balancing urgency, co-benefits, trust-building, and
rigorous monitoring.

How are risk assessments incorporating biological metrics?

SUMMARY

This session discussed how risk assessments are (and are not) incorporating biological
metrics in the context of climate change, COA, and ecosystem impacts. With the challenges
surrounding ecosystem-scale biological risk assessments, there are also many
opportunities to improve current methods and models.
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Key Points
e Current Use of Biological Metrics

o Some assessments now consider concomitant species-specific responses
(e.qg., corals, oysters, seagrasses), shell conditions, spat counts, and habitat-
scale water chemistry.

o However, these efforts remain limited due to high project costs, resource
constraints, and difficulty in capturing ecosystem-wide impacts.

e Gaps & Challenges

o Most climate risk assessments focus on physical risks (e.g., sea-level rise,
flooding), not detailed biological impacts. Since different species react to
COA at varying levels, each species needs to be considered.

o State-level risk assessments often focus only on one state, with limited
capacity or funding for in-situ biological monitoring. Therefore, states rely on
partners or publicly available information.

o Biological monitoring tends to focus on economically valuable species,
leaving broader biodiversity underrepresented.

o There is a lack of baseline biological data that makes it difficult to evaluate
long-term changes. Data syntheses of biological metrics could be used to
create baseline datasets for comparison against acidified conditions.

e Research Examples

o Scallop shell study (long-term shell record, showing degradation).

o Steve's oyster reef chemistry study (showing differences in carbonate
chemistry inside vs. outside reefs).

o Seagrass studies show buffering effects against OA.

o Coral biodiversity studies(large-scale tank experiments in Hawaii).

e Integration of Biological Metrics Issues

o Biological and chemical linkages are critical, but rarely incorporated
together.

o Managers often emphasize biological data, as the result of chemical
conditions, but abiotic drivers (e.g., pH, carbonate chemistry, nutrients) are
needed to understand where risk occurs.

o Coastal systems are especially complex, with positive feedback loops where
biology influences chemistry, which in turn affects biology.

e Opportunities for Improvement

o Use of omics, eDNA, and remote sensing could expand biological monitoring
that could be colocated with chemical studies.

o Collaboration among researchers, managers, and states is needed to
integrate both biotic and abiotic metrics.
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o Defining “risk” more carefully (quantitatively) will help standardize
assessments.

o Data portals and state-academic partnerships (e.g., VIMS) can bridge
knowledge gaps and expand species assessments.

Key Takeaways

Environmental risk assessments are only beginning to incorporate biological metrics, with
attention on economically important species. To become robust, practitioners must
integrate biology with chemistry, use new technologies, and overcome funding and
capacity challenges. Without this, risk assessments could discount key ecosystem
vulnerabilities and services. Using existing data for desktop studies could help negate
funding shortfalls for new data collection.

Are there any ecosystem-scale biological assessments that incorporate
acidification metrics into their frameworks?

SUMMARY

Ecosystem-scale biological assessments that fully integrate COA metrics are still
uncommon, but emerging efforts exist in regions such as the Florida Keys(coral restoration
projects) and the U.S. West Coast (especially Oregon, where hatcheries depend on
carbonate chemistry modeling as an early warning data product for acidified waters). These
examples highlight the need for greater coordination and collaboration to expand such
modeling work in areas like the Mid-Atlantic.

Some examples of how COA is being incorporated into biological frameworks and applied
applications include:

e Mid-Atlantic/Chesapeake Bay: Some research(e.qg., self-buffering by hatcheries and
aquaculture facilities in the northern Chesapeake, pH databases from Climate
Adaptation Science Centers, carbonate chemistry work by individual researchers),
but no large-scale ecosystem framework exists.

e Florida Keys: Incorporating carbonate chemistry, flow modeling, and nutrient
monitoring into coral restoration projects/monitoring, showing ecosystem-level
differences.

e West Coast/Oregon: Strong modeling efforts due to hatchery reliance on carbonate
enerqgy; effective integration of OA in ecosystem studies.

e National Large Marine Ecosystem Assessments: Some acidification data (pH) has
been included in the National Marine Ecosystems Status assessment:

12



https://ecowatch.noaa.gov/. This is regional, however, and may not capture the
heterogeneity of coastal regions.

e |Individual State and Research Institutions: Fisheries management strategy
assessments (acidification embedded in natural mortality in their models). A VIMS
group is building an ecosystem-based mechanistic model that includes
acidification.

Challenges
e | ack of established methods and multi-stressor frameworks that connect OA with
broader ecosystem impacts. Multi stressor frameworks are key for integrating
biological, physical, and chemical componentsinto predictive modeling for regional\
and finer scales.

e There is still a need to co-locate carbonate chemistry with biological response
metrics(growth, mortality, population size)to inform restoration, aquaculture siting,
and fisheries management.

e Communication barriers, particularly in framing COA in the context of water quality
and risk assessments, without oversimplifying its link to climate change

e Current management tools like Total Maximum Daily Loads (used for temperature or
bacteria) do not translate well for COA-related parameters. It is difficult to directly
requlate acidification variables such as pH, which can result from coastal
eutrophication and localized CO; inputs.

Opportunities

e Pushforcollaborative, multi-institutional effortsin regions lacking ecosystem-scale
assessments.

e Embed OA into fisheries management strategies. While fisheries already indirectly
use acidification in natural mortality parameters in some models, this does not take
into account reduced reproduction or population migration away from low pH
waters.

e Build new methodologies where none exist, leveraging existing databases and
modeling expertise (e.g., VIMS mechanistic ecosystem model under development).

Key Takeaways

There are few but growing examples of ecosystem-scale biological assessments
incorporating acidification. Scaling this work requires new methods, stronger
collaboration, and effective communication strategies to embed COA into ecosystem and
management frameworks.

13
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How does the community envision incorporating NERRs and state agency
water quality pH data into syntheses?

SUMMARY

This session explored how National Estuarine Research Reserves(NERRs)and state agency
water quality data, specifically pH and alkalinity measurements, can be better incorporated
into regional and national syntheses to strengthen long-term COA monitoring and related
environmental variability.

Key Points

1. Current Value of the Data and Challenges

NERRs, state agencies, and partners already collect valuable water quality
data(pH, alkalinity, salinity, temperature, turbidity, nutrients).

There is a misconception that much of the state data is not standardized, not
uploaded to public portals, and not collected consistently, creating missed
opportunities for regional/national OA assessments. Within each state, the
water quality programs are well standardized; however, not every state has
the same standards.

NERRs data is standardized across the entire NERRs system and is housed
through one central data portal https://cdmo.baruch.sc.edu/.

Data often exists but is difficult for managers and the public to access; states
rely on external partners to make data user-friendly.

2. Standardization & Training Needs

Consistent sample collection protocols and QA/QC standards are essential
across all sectors (academia, states, NERRs, NEPs, federal agencies).
Training programs for students, agency staff, and local groups could improve
data quality and increase participation.

Reporting uncertainty as well as errors around measurements is critical for
integration into broader syntheses.

3. Examples & Regional Notes

Delaware: Coordination between NERRs and CZM programs, with state
councils meeting regularly.

New Jersey: 30-year datasets exist but need more visibility; estuarine
variability makes site-specific monitoring important.

Maryland: The Maryland Water Monitoring Council meets frequently, but data
integration is uneven.
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Florida NERRs: Collect alkalinity data, but often not uploaded to portals
because it is not part of the NERRs system-wide monitoring program and is
on a project-to-project basis when external funding and partners are
involved.

USGS: Long history of pH and alkalinity data collection, offering collaboration
opportunities. This data is publicly available, but the methodology and
reporting units often differ from COA community standards.

North American and international synthesis (U.S., Canada, Mexico): linked to
global datasets(e.qg., GLODAP, CODAP, SOCAT).

4. Opportunities for Improvement

Shared observing systems can serve multiple research and management
needs.

Regional partnerships (e.g., MARCO, MACAN, MARACOQS) are critical for
aggregating state data into accessible, public-facing tools.

Leverage short-term equipment leasing (e.g., LI-COR sensors) for high-
frequency monitoring during targeted experiments.

Use existing data, even if it is not climate quality, to detect long-term trends
and fill gaps. Statistical methods are used to remove noise from high-
frequency datasets to find trends over long enough periods of time to assess
if acidification is occurring over decadal scales.

Identify which NERRs monitor which parameters to highlight regional gapsin
coverage. Working with NERRs to use their data will close monitoring gaps
and increase the monitoring network. Inclusion of NERRs data will also
ultimately help resource managers identify areas at risk for acidification,
those that need more monitoring, areas that could benefit from mCDR, and
attention to other management issues. Provide funding to create local,
regional, and national syntheses of existing weather quality data from water
quality monitoring programs.

Key Takeaways

NERRs and state agencies collect a wealth of water quality data relevant to COA, but a lack
of standardization, accessibility, and consistent protocols limits its usefulness for large-
scale syntheses. Strengthening coordination, training, data protocols, and partnerships can
unlock the full potential of these datasets for monitoring trends, guiding management
decisions, and informing national and regional OA efforts.
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How would managers envision using Mid-Atlantic Ocean Portal Data layers?

Summary

The session explores how managers can use data layers from regional portals (e.g., pH,
temperature, water quality) to support science-based permitting and ecosystem
management under frameworks like the Clean Water Act. These data tools can guide
aquaculture, fisheries, and restoration decisions in the context of COA, warming, and other

stressors.

Current Uses of Key Data Layers
e Permitting & Requlation

o

Identify suitable sites for aquaculture/fisheries and assess where permits
could be advantageously issued to avoid COA, temperature, or other stressors
that would make operations unviable.

Identify areas where oyster hatcheries and fisheries may need to adjust
operations(e.qg., shutting off seawater intake during poor conditions).

Link directly to requlatory thresholds (e.g., pH under the Clean Water Act) or
identify areas where temperature thresholds for species migration,
spawning, or water quality alerts could be exceeded.

e Monitoring & Baselines

o

o

o

Track long-term water quality, carbonate chemistry, and ecosystem health.
Provide baseline datalayers for COA parameters to aid in tracking marine CDR
(mCDR) projects and habitat modeling.

Identify gaps in monitoring and where proxy and/or model data may be
needed.

e Decision Support & Funding

o

Prioritize project locations and allocate funding(e.q., using data as criteriain
RFP scoring).

Provide justifications for management or restoration proposals.

Facilitate cross-regional comparisons and unified continental-scale
assessments.

e Communication & Outreach

o

Translate scientific data into public-facing products (dashboards, report
cards, graphs, posters).

Use “stoplight systems” (green/yellow/red) to simplify ecosystem health
messaging.

Provide training for end-users and walk them through how to access the data
layers as well as interpret information for planning purposes.
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Challenges & Needs

e Translation Gaps exist: Managers often need scientists or designated liaisons to

interpret technical parameters(e.qg., carbonate chemistry).
o Infographics and web stories could also be useful for describing data and
helping managers interpret data

e Collaborations with other data sharing entities could produce additional data tools
and data layers.

e Topic-specific trainings could be useful for managers who need to incorporate data
and information, similar to NOAA's Digital Coast.

Key Takeaway
Data layers offer a powerful way to connect environmental monitoring with management
decisions, from permitting and aquaculture siting to restoration planning and public
communication. Success depends on interpretable tools, strong partnerships, and user-
friendly platforms that turn complex data into actionable insights for both managers and
the public.

Field Trip to SERC’s Global Change Research Wetland (GCREW)

The field trip to GCREW provided participants with a guided tour of the experiments being
conducted, and an opportunity to learn carbonate chemistry discrete water sample
collection techniques, as well as view demonstrations of in situ sensors used to measure
CO,. This portion of the workshop was designed to introduce industry, state agencies, and
other practitioners to methodologies used to collect climate quality acidification
monitoring parameters. In situ water sampling is used to validate and provide internal
consistency among the various methods used to measure carbonate system parameters.
Many facilities do not have the resources to provide climate quality monitoring; however,
with the collection of samples for dissolved inorganic carbon (DIC) and total alkalinity (TA)
and collaboration with academic and research partners, water quality monitoring programs
can improve the quality and usefulness of their data. Currently, climate quality data' is the
only data used for larger synthesis efforts due to community standards. With the growing
need to expand monitoring networks, there is a growing movement to incorporate weather
quality data from state-level monitoring programs into regional and greater syntheses. To
do so, however, there needs to be a standardization of the data quality and methods used
for validation and quality assurance. The goal of the demonstrations of the various
methodologies was to show practitioners how these methods can be incorporated into
current programs, should appropriate funding become available.

INewton J.A., Feely R. A., Jewett E. B., Williamson P. & Mathis J., 2015. Global Ocean Acidification Observing
Network: Requirements and Governance Plan. Second Edition, GOA-ON, http://www.goa-on.org/docs/GOA-
ON_plan_print.pdf.
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Demonstration of Equilibration System & Miller Lab Research on Using Radon (Rn) as a
Groundwater Signature for Carbon Budget & Lateral Transport of Carbon- Whitman Miller &
Stephanie Wilson (SERC)

The Spherical Falling Film Equilibrator is an
alternative design for making measurements of
dissolved trace gases in water. Because this
equilibrator uses free flowing, falling water to
produce a surface for gas exchange, it is very
resistant to clogging and freezing, and therefore
well suited to long term deployment in highly
productive waters like estuaries where CO,, CHs,
and Rn concentrations can fluctuate hourly, daily,
and seasonally. When generated across a
spherical surface, the falling film is not adversely
affected by tilting off vertical, conditions that are
common on a ship, small vessel, or buoy. The
Spherical Falling Film Equilibrator is easily ported
to any number of traditional gas analyzer Figyre1: A Spherical Falling Film
technologies (e.g., NDIR, CRDS, OF-CEAS, OA- Equilibrator. Photo credit: Emily Hall.
ICOS) and measurement accuracy will be partially dependent on the gas analyzer
selected. Equilibration response times are comparable to many other designs(z=~3
min for CO,; CH4 and Rn have not been fully validated) and equilibration precision is
high (e.g., xCO, = 7578 + 12.2 ppmv when validated against experimental water
saturated with a 7579 ppmv + 1% certified gas standard (see Miller et al. 2019 for
details on operation and performance).

Pro-Oceanus pCO, sensor demonstration - Mark l‘y«‘§ ,
Barry, Pro-Oceanus gl

The CO,-Proinstrument measures the partial
pressure of CO; gas dissolved in water using
infrared detection. Standard ranges from 0O-
600 ppm to 0-2000 ppm and custom ranges
are available from the manufacturer to
measure all the way from the open ocean to
coastal marshes, where CO; values can reach
into the 1000s ppm. This ensures the full
spectrum of pCO; is covered for accurate

A '
("

/ g

AL A

measurement of CO, in any application. These Figure 2: Mark Berry showcases a Pro-

. . . Oceanus pCO: sensor.
systems use non-dispersive infrared
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technology to measure the partial pressure of CO; in water. The precision is 0.05%
and the resolution is 0.01 ppm.

Dissolved inorganic carbon (DIC) and total alkalinity (TA) discrete water sample collection
demonstration

The water sample collection
demonstration showed participants the
proper handling techniques for coastal
waters with higher turbidity. A peristaltic
pump was used to collect the water from
a mid-column depth using Tygon tubing.
A 0.45 p GF/F cartridge filter was used to
reduce the organic material in the
sample. Proper bottle rinsing, filling, and
reduction of bubbles were also
highlighted as important steps to be
taken in all carbonate chemistry water
sample collection. These samples were
not preserved with Mercuric Chloride
(HgCIZ) but were tightly capped with Figure 3: Amanda Reynolds demonstrates discrete
minimal headspace and refrigerated in watersample collection.

the laboratory overnight. The discrete

samples were collected alongside the SERC autonomous CO; sensor to demonstrate
validation and internal consistency frameworks.

Figure 3 shows a demonstration of discrete water sample collection using a
peristaltic pump, Tygon tubing, a 0.45 pym cartridge filter, and Pyrex screw-top
bottles. Bottles are filled to minimize headspace. This discrete sample collection can
be accomplished in most field environments as long as there is a power source for
the pump. In addition, a Niskin bottle can also be used if power sources are not
available.
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Laboratory Demonstrations and Data Discussions

Li-Cor Biosciences Demonstration of Apollo Sensors

Representatives from Li-Cor brought DIC and
TA systems to analyze the estuarine water
samples collected during the field trip. The DIC
systemis anon-dispersive infrared gas analyzer
with automatic valves for acid injection. With
the autosampler, up to 10 samples can be set up

to analyze at one time. Li-Cor staff
demonstrated how to initiate sampling with a
calibration curve, described the theory, and
analyzed samples. The TA analyzer consists of
an auto titrator and a glass electrode. The .
samples are acidified to a given end-point of
approximately pH 3, then the TA is calculated
from the amount of acid that is used to
neutralize the base content of the sample. The
same samples that were analyzed for DIC were
also analyzed for TA.

.....

J)-. ; -
Figure 4: Janet Reimer demonstrating sample analysis
using Li-Cor equipment.

The DIC and TA data that were analyzed as part
of the field and laboratory demonstrations were
used to calculate pCO, using the program
CO2SYS?. During the data discussion session, the calculated pCO, was compared to the
values that were measured by the Pro-Oceanus and the Spherical Falling Film Equilibrator
methods in the field to demonstrate internal-consistency frameworks.

Data and Data Quality Presentations and Discussions
Small Group Discussions

How do you think you could use COA data in your field of practice? What are
you looking at, how do you think you could use it?

Group 1Highlights (Federal & State Agencies, NY DEC, OAP)
e Applications of COA Data:
o Connecticut DEP uses hypoxia mapping as a model, the same could work as a
framework for mapping corrosive water volumes.

2 CO2SYS Program: https://www.ncei.noaa.gov/access/ocean-carbon-acidification-data-
system/oceans/CO2SYS/co2rprt.html
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NYDEC uses OA indicators (aragonite saturation) with seasonal/interpolated
modeling.

The general use of OA data for nutrient loading, habitat sensitivity, and
hatchery operations.

e I|dentification of Surveys & Gaps:

o

Reliant on gliders, vessels (e.qg., institution-specific vessels), ECO-MON
surveys, but face gaps due to equipment/capacity failures.

Coordination with OAP and other labs could enhance coverage and cross-
validation.

e Examples of Data Integration & Dissemination:

o
o

There isinterest in regional and national coordination via NCEI/OCADS.
Strong emphasis on moving from data collection to dissemination (user
accessibility).

Proposal of an Acidification Intensity Index and development of species
sensitivity indices.

e Challenges Identified by the Group:

o
o

o

Estuarine data gaps due to gaps in the monitoring network

There are multiple repositories and restrictive data ownership rules (delays
from collection to public availability).

There is a need for training and outreach on accessing/using OCADs to
familiarize the community with how data repositories work.

Framing COA is challenging.

Group 2 Highlights (Academic Researchers, NERRS)
e Scientific & Educational Use of COA Data:

o
o

o

Training students in data mining and message development.

NERRS could expand into COA data collection; challenges with estuarine
variability and carbonate constants.

Blue carbon projects need DIC/DOC data for carbon inventories.

e Messaging & Applications:

o

SERC emphasizes storytelling and synthesis; science must be framed into
knowledge and relevance for a wide audience.

PNNL uses mCDR projects and links corrosive waters to impacts to marine
infrastructure.

One suggestion is to explore economic framing: Can COA impacts be
expressed in dollar terms?

e Repositories & Access:

o

o

There is no one single “confusion” issue, but there are still challenges in
metadata organization and data discoverability.
Al could support discovery but raises bias concerns.
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e Reqgulatory Context:

o

o

Many agencies and organizations may only collect data, such as pH, tied to
compliance (e.g., Clean Water Act).

There is currently no reqgulatory framework for carbonate chemistry
parameters, only pH monitoring and compliance programs for outflow
discharge.

Framing COA data as valuable beyond compliance is key.

Group 3 Highlights (State Agencies, Academic Researchers, Federal Agencies)
e State Perspective:

o

o

Long-term monitoring (37 years) of Chesapeake Coastal Bays has nutrient,
dissolved oxygen, and pH data that is weather quality.

All the Mid-Atlantic states (agencies) collect weather quality pH data
throughout their intracoastal waters and some of the states also collect
samples within their state ocean waters.

There are several publicly accessible data repositories for Chesapeake Bay
(Eyes on the Bay, Chesapeake Bay Program, WQX), which could be confusing
for end-users.

Continuous pH records available; potential to integrate COA data into
MARACOOQOS OceansMap.

m MARACOOS OceansMap is designed to provide publicly accessible
real-time and near-real-time data and visualizations whereas the
MARCO Ocean Data Portal provides synthesized data products.

COA was included in Maryland’s 2015 Climate Action Plan.

New York has its own Acidification Action Plan

New Jersey has been working on an Acidification Action Plan that is expected
to be released before the end of 2025.

Delaware and Virginia are currently developing Ocean Action Plans that will
include sections on acidification.

e Data Needs & Challenges:

o

o

Requires funding for additional monitoring and discrete sample collection
and analysis.

Continuous data QA/QC is critical; NCEI collects summary products from the
multiple datasets that it receives.

m Carbonate chemistry data can be challenging because there is quite a
bit of QA/QC that occurs post deployment of instruments for climate
quality data.

m Weather quality pH is commonly transmitted to near-real time data
portals.

Many portals exist but accessibility is perceived to be difficult (technical
barriers). Easier access is needed (e.g., spreadsheets) and better metadata.
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Standardization & Methods:
o Currently, there are differences between standardized SOPs (e.g., NERRs)
and independent researchers.
m Due to the heterogeneity of coastal sites, different field and water
sample collection methods may need to be customized to each site
(e.qg., filtering, preserving samples, how often to sample).
o Researchers worry about transparency and criticism if not aligned with well
accepted and established protocols, especially under resource constraints.
o Specific discussions about DOC/DIC methods (filtered vs. unfiltered,
mercuric chloride preservation) should result in best-possible practices
versus acceptable/not acceptable methods.

Overall Themes Across Groups

1.

Governance & Coordination: Shared recognition that data repositories are
fragmented, and governance structures are needed to unify approaches.
Accessibility & Usability: Repositories exist but are often too technical; there’s
demand for simpler, user-friendly access.

Integration & Storytelling: Data need to be framed into actionable insights—for
managers, policymakers, and communities.

Monitoring Gaps: Estuarine systems and certain high-risk areas remain under-
monitored.

Standardization vs. Flexibility: SOPs exist but resource limitations push some groups
to adapt, raising concerns about credibility.

Application Potential: Ranges from fisheries and habitat protection to infrastructure
risk, blue carbon inventories, and marine carbon dioxide removal (mCDR).

Day Three Student Talks

A

specific session was
designed for students to
present and discuss their data
with meeting attendees. The
discussions were designed to
give feedback and provide a
small group atmosphere to
promote information and
knowledge sharing. There
were
attendance and each gave 10-
minute presentations to all
three small groups that were

two students in

rotating  throughout the
session.
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Mid-Atlantic Eelgrass Carbon Sequestration: Present and Future Responses
to Warming and Population Decline

Katie Tanner
PhD Student, University of Maryland Eastern Shore

As blue carbon ecosystems, eelgrass (Zostera marina) meadows are globally important
carbon sinks with particularly high rates of carbon sequestration. Eelgrass is a cold-water
species, however, and rising temperatures increase stress and mortality, threatening mid-
Atlantic populations (and potentially their sequestered carbon) near the species’ southern
limit. Thermal stress may further reduce eelgrass carbon sequestration by altering
individual plants’ energy budgets, with more energy allocated to leaves and reproductive
shoots than to carbon-storing roots and rhizomes under stressful conditions. Eelgrass’
carbon sequestration capacity has high spatial and temporal variability, however, and the
effects of rising temperatures and subsequent eelgrass loss on carbon sequestration in
eelgrass meadows have not been quantified. A sampling design was developed to assess
sequestration responses to varying temperatures at three National Seashores along a
latitudinal gradient: Fire Island (NY), Assateague Island (MD), and Cape Hatteras (NC). In situ
temperature data from each seashore confirmed a latitudinal gradient in temperature and
verified that summer 2024 temperatures routinely exceeded 30°C, the threshold for
eelgrass population decline, with Cape Hatteras peaking at 32°C (July 9). At each seashore,
healthy, partially degraded, and completely degraded meadows were identified by change
in percent cover over ten years. Employing a space-for-time substitution, total Corg in
sediment cores taken at these sites will be quantified to project future changes in carbon
sequestration under eelgrass declines. Sediment cores will also be analyzed for 210Pb, §°C,
and 8®N. These data will provide insights into the ability of mid-Atlantic eelgrass meadows
to sequester atmospheric CO; under increasing thermal stress and to retain sequestered
carbon amid population decline.

Big shells, bigger data: cohort analysis of Chesapeake Bay Crassostrea
virginica reefs

Madison Griffin
PhD Student, Virginia Institute of Marine Science

Oysters in Virginia Chesapeake Bay oyster reefs are “age-truncated’, possibly due to a
combination of historical overfishing, disease epizootics, environmental degradation, and
climate change. Oysters may display resilience to environmental stressors; however, the
current understanding of oyster lifespan is limited. The Virginia Oyster Stock Assessment
and Replenishment Archive (VOSARA), a spatially (222 reefs) and temporally (2003-2023)
expansive (more than 2,000,000 individual measurements) dataset of shell lengths (SL,
mm), has yet to be comprehensively examined in the context of resilience. We developed a
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novel method using Gaussian mixture modeling(GMM)to estimate the age groupsin 64 reefs
using yearly SL data and then link age groups over time to estimate cohorts and their
lifespan. We fit univariate GMMs for each year (t) and reef (r) to estimate 1) the mean and
80th quantile of shell length for each (r,t)th age group, and 2) the percentage of the (r,t)th
population in each age group. We linked age groups. Their final lifespan equals the number
of years the cohort was found in the data plus its estimated starting age. This method shows
promise in identifying oyster cohorts and estimating lifespan solely using SL data. Results
show signals of resiliency in almost all river systems: oyster cohorts live longer and grow
larger in the mid-to-late 2010s compared to the early 2000s. Future work includes
investigating how climate change and management influence oyster resiliency in
Chesapeake Bay.

Data Presentations and Q&A

This session provided three presentations to participants to provide direction on how
weather versus climate quality data can be useful to broader synthesis studies, data
submissions to public repositories, and how time series of CO, can be interpreted in coastal
regions.

e Dwight Gledhill - The utility of weather quality data, NOAA Ocean Acidification Program
e Li-Qing Jiang - What is OCADs and how can you contribute?, NOAA National Centers for

Environmental Information
e Mark Barry - Introduction to the Pro-Oceanus Systems for Monitoring, Pro-Oceanus

Discussion Notes

The discussion following the Data Presentations was an open, full group discussion on
data needs, quality, synthesis, and participations. One of the topics that came up was the
need for assistance with incorporating weather quality data into broader syntheses and
what is needed to make that a reality.

Weather Quality Data

e Weather quality monitoring is used in coastal waters and can be useful for biological
timescales.

e Estuaries are unique and have their own set of challenges. Best practice standards
specific to estuaries would be helpful for incorporating water quality monitoring
program data into the community. These guidelines would also be useful for
designing monitoring efforts that can provide weather quality data that can be
submitted to data repositories.

e More metrics that are directly related to acidic events are needed to help define the
usefulness of weather quality data.

o Additional metrics can include the number of days per year/season/month
with corrosive events.
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o Ecological measurements should also accompany weather quality data,
including but not limited to, biological stock assessments, spawning times,
identification of species present, seagrass area extent, shell size, changesin
epiphytes.

o Biological metrics in the context of physiological measurements would also
be helpful.

o Determination of organismal community shifts can be used to help
understand the broader impacts of corrosive events and long-term
acidification.

e National Estuarine Research Reserves (NERRs) were identified as key partners for
expanding validation efforts and data inclusion.

Other Data

e Standardizing and recognizing the need for calcium ion data collection is needed to
update out-of-date constantsin carbonate chemistry data software such as CO2SYS
and SeaCarb.

e A freshwater-specific carbonate chemistry calculation package for software would
also be useful since many water quality monitoring programs at the state level
include freshwater regions.

e A multi-laboratory internal consistency activity would be useful to help introduce
NERR and other participants to the community and strengthen the validity of
weather and climate data comparisons.

Field Measurements and Equipment
e Alendingsystem of climate quality sensors and laboratory analyzers would be helpful
to programs such as NERRs to help with internal consistency and validation.
e Pre-packaged kits, such as GOA-ON In A Box(pH kit) or similar to South Carolina River
Keeper nutrient monitoring program would help organizations and also promote
citizen science participation.
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Overall Meeting Takeaways
The main takeaways from MACAN's 2025 workshop are:

e Weather quality pH data will be useful for expanding the monitoring network, though
itisimportant to understand its limitations.

e Stateagencies, federal National Estuarine Research Reserves(NERRs), and National
Estuary Partnerships are eager to participate in data sharing and expanded
collection should funding become available.

e mCDR policy, reporting, and permitting processes need to be ready to respond to
scalable projects.

e There are various ongoing field trials for mCDR that will need rigorous carbonate
chemistry baseline data and community understanding to be ready for scaling.

From the overall meeting discussions, progress on integrating mCDR, OAE, and blue carbon
into state-level climate strategies is hampered by limited expertise, fragmented requlation,
limited monitoringinfrastructure, political divides, and low public engagement. Overcoming
these barriers requires federal guidance, stronger state-science partnerships,
standardized monitoring, and better communication strategies that tie ocean carbon
solutions to water quality, economic resilience, and public benefits. Easily accessible and
standardized dataand metadata will be crucial for state natural resource plannersto be able
to understand and incorporate weather quality data from available sources.

In addition to the discussion takeaways from this meeting, there were requests and
suggestions for materials that could be used, individually or in conjunction, by different
practitioners for developing site-specific best practices. These materials can be found in
Appendix D. There was an unanimous consensus that each site has its own unique
challenges and that a blanket best practices is not realistic, especially in the coastal zone.
Group discussion resulted in new connections between practitioners from across the
region that will promote collaboration and information sharing when designing new COA
monitoring plans and frameworks.
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Appendix A: Meeting Agenda

9:00-9:55

9:55-10:30

10:30-11:45

11:45-12:00

12:00-1:00

Day 1 Agenda
July 15, 2025

Breakfast and Registration

Introductory Remarks

Dr. Janet Reimer and Emma Venarde, Coordinators, MACAN

Dr. Dwight Gledhill, Director, NOAA Ocean Acidification Program
Dr. Monty Graham, Director, SERC

Monitoring (15 minute Presentations)

Jonathan Sharp - Leveraging surface fugacity observations and machine
learning to map OA indicators in LMEs

National Oceanic and Atmospheric Administration (NOAA)

Maria Kavanaugh - Satellite seascapes, OA, and in situ data integration
Oregon State University

Austin Pugh - NECAN Monitoring Plan
North East Regional Association Coastal Ocean Observing System

Gregg Sakowicz - Utility of the NERRs system and the wealth of data
Jacques Cousteau National Estuarine Research Reserve

Nichole Ruiz - Evaluating Satellite Chlorophyll as an Indicator of Coastal
Acidification
Mid-Atlantic Regional Council on the Ocean/MACAN

Session Q&A

Lunch
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1:00-1:50

1:50-2:00

2:00-2:15

2:15-3:00

5:00-3:15

5:15-4:30

4:30-5:00

Responsible Implementation of mCDR (15 minute Presentations)

Wil Burns - How The BBNJ Can Help Us Foster Responsible mCDR
American University Institute for Carbon Removal Law and Policy

Grace Andrews - Current field trials for OAE and mCDR
Hourglass Climate

Kyle Hinson - Enhancing ocean alkalinity enhancement simulations through
integrated experimental and modeling approaches

Pacific Northwest National Laboratory

Jeremy Testa - Overview of the pH adjustment at a water treatment plant
project
University of Maryland Center for Environmental Science

Ashwin Murthy -State and federal permitting and compliance requirements
in mCDR/0AE
Sabin Center for Climate Change Law (Columbia University)

Session Q&A

Break

Nature-Based Solutions and Blue Carbon (15 minute Presentations)

Stephen Tomasetti - Seagrass carbon sequestration under warming stress
University of Maryland Eastern Shore

Annie Tamalavage - How can we use open source databases to leverage
regional policy?
Smithsonian Environmental Research Center

Sylvia Troost - Efforts for states to incorporate blue carbon planning into
climate plans, science behind this, policy work, education, etc

Pew Charitable Trusts

Session Q&A

World Cafe Breakout Discussions

World Cafe Report Out



9:00-9:30

9:30-10:30

10:30-10:45

10:45-11:00

11:00-12:00

12:00-12:15

12:15-1:15

Day 2 Agenda
July 16 2025

Breakfast and Registration

Biological Impacts (15 minute Presentations)

Emily Hall - Acidification and HABs with a focus on work around Florida red
tide
Mote Marine Lab/Southeast Ocean and Coastal Acidification Network (SOCAN)

Janet Reimer - Planning tools for identifying locations at risk for
acidification
Mid-Atlantic Regional Council on the Ocean/MACAN

Halle Berger - Swimming a mile together: Navigating transdisciplinary
currents in Atlantic Sea Scallop research to build climate resilience in the
fishery

University of Connecticut

Daphne Munroe - Commercial shellfish species in NJ: surf clams vulnerable
and adaptability to acidification

Rutgers University

Session Q&A

Break

World Cafe Breakout Discussions

World Cafe Report Out

Lunch
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1:15-4:30

FIELD TRIP: Demonstration of Equilibration System and Research on Using Radon as

a Groundwater Signature for Carbon Budget and Lateral Transport Carbon

Whitman Miller
Smithsonian Environmental Research Center

Stephanie Wilson
Smithsonian Environmental Research Center

Discrete Water Sample Collection, in situ pH Glass Electrode Measurement, and

Pro-Oceanus pC0, Sensor Demonstration

Mark Barry
Pro-Oceanus

Janet Reimer
MACAN
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Day 3 Agenda
July 17 2025

9:00-9:30 Breakfast and Registration

Concurrent Sessions:

e Li-Cor Laboratory Demonstrations for Total Alkalinity & Dissolved Inorganic

9:30-12:00 ;
Carbon Analysis

e Small Group Data Discussions

Mike Scaboo and Jim Le Moine
Li-Cor

Amanda Reynolds

SERC

Data Discussions

Student Flash Talks

12:00-1:00 Lunch

1:00-2:15 Data Collection, Processing, Submission, and Internal Consistency Discussions

Dwight Gledhill - The utility of weather quality data
NOAA Ocean Acidification Program

Li-Qing Jiang - What is OCADs and how can you contribute?
NOAA National Centers for Environmental Information

Mark Barry - Introduction to the Pro-Oceanus Systems for Monitoring
Pro-Oceanus

0O&A and Discussion

2:15-2:30 Break
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2:30-3:45 Data Processing, Submission, and Internal Consistency Discussions
Topics will be defined by questions that come up from the laboratory demo, CO2SYS
data calculations, and data QA/QC brought up earlier in the day

3:45-4:00 Closing Remarks: Janet Reimer and Emma Venarde
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Appendix B: Participant List (note, this list may not be inclusive of all the
online participants)

Daphne Munroe
Ashwin Murthy

Austin Pugh
Sylvia Troost

Will Isenberg
Stephen Tomasetti, PhD

Mollie Yacano, PhD
Madison Griffin

Julie Reichert-Nguyen

Avalon Bristow
Katie Tanner
Mike Scaboo
Anthony Campbell

Whitman Miller

Alex Moya

Li-Qing Jiang

Jeremy Testa

Liza Wright-Fairbanks

Annie Tamalavage

Wil Burns

Rutgers University

Sabin Center for Climate Change Law,
Columbia Law School

NERACOOQS

Pew Charitable Trusts

Virginia CZM

University of Maryland Eastern Shore

DNREC - Delaware Coastal Programs

Virginia Institute of Marine Science
(VIMS)

NOAA

MARCO

University of Maryland Eastern Shore
LI-COR Environmental

NASA/UMBC

Smithsonian Environmental Research
Center

Pew Charitable Trusts
University of Maryland, College Park

UMCES Chesapeake Biological
Laboratory
UCAR/NOAA

Smithsonian Environmental Research
Center

Institute for Responsible Carbon
Removal, American University
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Maria Kavanaugh
Maddie Wood

Gabrielle Canonico

Melissa Stefun

Shannon McKenrick

Fredrika Moser

Daniel L Warner

Mark Trice

Dwight Gledhill, NOAA
Dylan Burgevin

Bailey Robertory

Amy Trice
Elliott Campbell

Paul C. Ticco

Stephanie Jacobs
Amanda Reynolds

Emily Hall
Casey Personius
Jim Le Moine

Grace Andrews
Gregg P. Sakowicz

Kyle Hinson
Halle Berger

Emma Venarde

Oregon State University
Sea Grant Knauss Fellow

NOAA/US 100S
MDE, WOSA

Maryland Department of the
Environment

Maryland Sea Grant/UMCES
Delaware Geological Survey

Maryland Department of Natural
Resources

NOAA

Maryland Department of the
Environment

Maryland DNR
Northeast Regional Ocean Council

Maryland Department of Natural
Resources

NY Department of State
US EPA

Smithsonian Environmental Research
Center

Mote Marine Laboratory
NYS DEC

Li-Cor, Inc.

Hourglass Climate

Jacques Cousteau NERR / Rutgers
University

Pacific Northwest National Laboratory
University of Connecticut

MARACOOS
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Mark Barry

Sara Cernadas-Martin
Sarah Gray

Janet Reimer

Kirstin Wakefield

Grace Chiu

Elise Frazier
Meghan Seipp
Alison Novara

Matthew Brown

Pro-Oceanus Systems
NYSDEC / NEIWPCC
Stockton University
MARCO

MARACOOS

William & Mary's Batten School, VA
Institute of Marine Science

VA Coastal Zone Management Program
MARCO
University of Maryland Eastern Shore

Flagler College
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Appendix C: Presentation Slides

This appendix of slides is not inclusive of every presentation. In some instances,
participants were not willing to publicly share slides since their work is in the process of
publication. Any reference to information in the slides should be done so at the discretion
of the reader and does not reflect the rigors of peer review.
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Mapping and Monitoring Ocean Acidification in
the Mid-Atlantic and Beyond
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Ocean Acidification Monitoring in Coastal US Waters

e Coastal Acidification represents a combination of oceanic CO, uptake with
other unique coastal phenomena: freshwater and nutrient input, organic matter
respiration, lateral transport, atmospheric pollution, coastal upwelling

COASTAL CARBON DYNAMICS



Ocean Acidification Monitoring in Coastal US Waters

e Coastal Acidification represents a combination of oceanic CO, uptake with
other unique coastal phenomena: freshwater and nutrient input, organic matter
respiration, lateral transport, atmospheric pollution, coastal upwelling

e Monitoring of coastal acidification in US waters includes large-scale coastal
research cruises that are repeated every few years and fixed time series
sites where observations are made at seasonal resolution over many years

sediment
exchange

upwelling

COASTAL CARBON DYNAMICS




Ocean Acidification Monitoring in Coastal US Waters

e Moored buoys that make continuous measurements in one location throughout
the year and surface underway carbon observations from volunteer
observing ships and scientific vessels also contribute to coastal OA monitoring




Ocean Acidification Monitoring in Coastal US Waters

e Moored buoys that make continuous measurements in one location throughout
the year and surface underway carbon observations from volunteer
observing ships and scientific vessels also contribute to coastal OA monitoring

e Many observations of surface carbonate chemistry in marine waters off U.S.
coastlines are aggregated annually in the Surface Ocean CO, Atlas (SOCAT)




Ocean Acidification Monitoring in Coastal US Waters

e To gain insight into coastal ocean ecosystem status, spatial and temporal
variability, and the drivers of variability and change, it is helpful to translate
observation-level data into synthesis products and useful metrics

‘35 Months of Year Represented

Adapted from Figure 2 (Sharp et al., 2024)



National Marine Ecosystem Status Dashboard Provides

Indicators of Ecosystem Health in U.S. Large Marine Ecosystems

ecowatch.noaa.gov

Indicator criteria: < Staalz:
e Theoretically sound
e Demonstrable importance
e Relevant and understandable
e Responsive with directional expectations
e Provide early warning of ecosystem change
e Complement other indicators
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National Marine Ecosystem Status Dashboard Provides

Indicators of Ecosystem Health in U.S. Large Marine Ecosystems

Indicator criteria: Status
v Theoretically sound

Relevant and understandable
Responsive with directional expectations

<N X X X

Complement other indicators

ecowatch.noaa.gov

= =median Indicator value —— 90™ (upper line) and 10*

@ National

Provide early warning of ecosystem change

(lower line) percentiie values 2 1 5
evaluation period § :
— 1 “w
S <
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@ below 10° percentile 4 slope less than 1 S.0. 1980 1990 2000 2010

Demonstrable importance OA




National Marine Ecosystem Status Dashboard Provides

Indicators of Ecosystem Health in U.S. Large Marine Ecosystems

@ National
VStalus
Indicator data criteria:
e Publicly available, quantitative, specific
e Updated on a regular basis
e Long-term (>10 years preferred)
e Adequate spatial/temporal coverage
e Sufficient signal-to-noise ratio
ecowatch.noaa.gov
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National Marine Ecosystem Status Dashboard Provides

Indicators of Ecosystem Health in U.S. Large Marine Ecosystems

@ National
V Status
Indicator data criteria:
e Publicly available, quantitative, specific
e Updated on a regular basis
e Long-term (>10 years preferred)
e Adequate spatial/temporal coverage
e Sufficient signal-to-noise ratio
ecowatch.noaa.gov
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Surface Ocean CO, Atlas (SOCAT) Data Used with Two-
Step Machine Learning Scheme and Alkalinity Estimates
to Reconstruct OA Indicators Across U.S. LMEs

2. Co-locate data with .
gridded predictors 3. Use predictor
variability with
i ‘ Gaussian mixture
modelling to define

| [ similar spatial clusters

30 3 .
§ 45.0 N s
20 2

1. Bin SOCAT data to 4°

25N ......

200N

375" N |

Adapted from Figure 2 (Sharp et al., 2024)

750°W 725w 700°W 675 W



Surface Ocean CO, Atlas (SOCAT) Data Used with Two-
Step Machine Learning Scheme and Alkalinity Estimates
to Reconstruct OA Indicators Across U.S. LMEs

4. Train random forest
regression models in
individual clusters

predictors
]
¢ O ®
¢ Htreesg ¢ ol |
’ (b 4 Y é h | L4 ! ’ h | L4 b
-
fco,

5. Apply models to
continuous predictor
fields to reconstruct

monthly pCO,

1/1998

75w 70" W

450

300

6. Use Empirical Seawater
Property Estimation
Routines (ESPERs; Carter et
al., 2021) with sea surface
temperature and salinity to
estimate total alkalinity
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Surface Ocean CO, Atlas (SOCAT) Data Used with Two-
Step Machine Learning Scheme and Alkalinity Estimates
to Reconstruct OA Indicators Across U.S. LMEs

8. Repeat for all LMEs
7. Pair CO, fugacity with .
TA to compute other OA
indicators

9. Compute regional timeseries

for NaMES dashboard

Northeast Ocean Acidification (pCO2)
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T
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Northeast Ocean Acidification (pH)
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NaMES Dashboard Provides Snapshot of OA Indicator
Progression in U.S. Large Marine Ecosystems

Home About Indicators By Indicators By National More

@ National

Status
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Sea Level
During the last five years, there Southeast Sea Level
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A diversity of life is supported in this region, including 18 protected 1980 1990 2000 2010 2020
marine species. The Southeast region provides the only known calving
grounds for the highly endangered North Atlantic Right Whale. o
Bottlenose dolphins, sea turtles, diverse coral, sawfish, Bryde's whales, Marine Heatwave
: 4 ’ ¢ / Intensit < Southeast Heatwave Degree Days
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NaMES Dashboard Provides Snapshot of OA Indicator
Progression in U.S. Large Marine Ecosystems

@ National

Status

Understanding the Time series plots

Time series plots show the changes in each indicator as a function of time,
over the period 1980-present. Each plot also shows horizontal lines that
indicate the median (middle) value of that indicator, as well as the 10th and
90th percentiles, each calculated for the entire period of measurement.
Time series plots were only developed for datasets with at least 10 years of
data. Two symbols located to the right of each plot describe how recent
values of an indicator compare against the overall series. A black circle
indicates whether the indicator values over the last five years are on
average above the series 90th percentile (plus sign), below the 10th
percentile (minus sign), or between those two values (solid circle). Beneath
that an arrow reflects the trend of the indicator over the last five years; an
increase or decrease greater than one standard deviation is reflected in
upward or downward arrows respectively, while a change of less than one

standard deviation is recorded by a left-right arrow.

indicator name

2

15 -

5 \

1 05| B0 S o

g v

£ 0
T T T T T T T 1 \
1980 1990 2000 2010 2020

- = median indicator value —— 90™ (upper line) and 10"

Home About
Sea Surface pCO2

Between 2016 and 2021

pCO2 showed no significant trend
but was near the top of the range
of historical values.

Sea Surface pH
Between 2016 and 2021
pH showed no significant trend

and was below historical values.

Sea Surface Qar
Between 2016 and 2021 Sea
Surface Qar showed a significant
downward trend and was below

historical values.

Indicators By

Regionv

uatm

g I
a

Omega Aragonite

400
380
360

8.15
8.1
8.05
8

3.8
3.7
3.6

Indicators By National More
Themev Status Resources v
Southeast Ocean Acidification (pC0O2)
B B R e A o S )
1980 1990 2000 2010 2020
Southeast Ocean Acidification (pH)

B A A s Y
1980 1990 2000 2010 2020

Southeast Ocean Acidification

] UL UL L L LU [ U LR UL P ] LR UL UL
T T T T T T T T T

o+

lo

/O




Mapped Indicators are available via NCEI

) National Centers for
Environmental Information

NATIONAL OCEANIC AND AT AN

Home Products Services Resources News About Contact

RFR-LME Ocean Acidification Indicators from
1998 to 2023 (NCEI Accession 0287551)

This dataset consists of Gridded monthly data Dataset Citation
products of surface ocean acidification Dataset Identifiers
. indicators from 1998 to 2023 and on a 0.25° by 150 19115-2
Preview 0.25° spatial grid have been developed for Metadata

eleven U.S. Large Marine Ecosystems (LMEs)
using a machine learning algorithm called
random forest regression (RFR). The data
products are called RFR-LMEs, and were
constructed using observations from the
Surface Ocean CO2 Atlas — co-located with

graphic

Show more...
Access Time&Location Documentation Description Credit Keywords

Constraints  Lineage

300 350 400 450

Sea Surface pCO (patm)

2(RFR-LME)



Region-wide OA signals in the Mid-Atlantic
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Region-wide OA signals in the Mid-Atlantic
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Buoy Data Support RFR-LMEs

Inclusion of Gulf of Maine Buoy data
significantly increases RFR-LME
agreement with buoy timeseries
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Buoy Data Support RFR-LMEs

The data also exerts a “sphere of
influence” that extends beyond the
exact buoy location

Include buoy data Exclude buoy data
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Buoy Data Support RFR-LMEs

The data also exerts a “sphere of
influence” that extends beyond the
exact buoy location
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Buoy Data Support RFR-LMEs

The data also exerts a “sphere of
influence” that extends beyond the
exact buoy location

Include buoy data Exclude buoy data
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AfCO, (buoy — map)
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LME LME-NM LSCE ENN SOMFEN MLS ML6 MLR
Gulf of 0.2+ -10.1 56 128+ 125+ 22+ 74+ 39.7
Maine 17.8 +32.2 43.3 45.9 64.8 50.1 53.8 53.8

-10

ApCO2 Amp. (patm)



Buoy Data Support RFR-LMEs

20
The influence of the buoy data is .
concentrated around the buoy location,
especially in grid cells adjacent to the coast -
14 __
Include buoy data Exclude buoy data . %
a
it
o
Pt VS. 8 8N
5
6
4
2
oo 02% 04 66: T28% 125: 22:f 74: 397: 0
Maine 17.8 +322 43.3 45.9 64.8 50.1 53.8 53.8

* Top ten grid cells influenced by inclusion of mooring data



Key Takeaways

Surface carbonate chemistry observing system can be leveraged with
machine learning to monitor ocean acidification along U.S. coastlines

1/1998

1/1998

RFR-LME maps can provide regional context for OA studies and can
summarize OA status in U.S. coastal ecosystems




Key Takeaways

Surface carbonate chemistry observing system can be leveraged with
machine learning to monitor ocean acidification along U.S. coastlines

11/2019 11/2019

)‘CO2 (patm)

RFR-LME maps can provide regional context for OA studies and can
summarize OA status in U.S. coastal ecosystems




Key Takeaways

Surface carbonate chemistry observing system can be leveraged with
machine learning to monitor ocean acidification along U.S. coastlines
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RFR-LME maps can provide regional context for OA studies and can
summarize OA status in U.S. coastal ecosystems
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The California California Current

* Seasonal intermittent upwelling: dynamic and productive

* Changing temperature, circulation, chemistry
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Challenge in upwelling systems:
regional specificity, high variability
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a) b)

c)
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Estimating the monthly pCO; distribution in the North Atlantic
using a self-organizing neural network

M. Telszewski, A. Chazottes, U. Schuster, A. J. Watson, C. Moulin, D. C. E. Bakker, M. Gonzélez-Davila, T. Johannessen, A. Kortzinger,
H. Luger, A. Olsen, A. Omar, X. A. Padin, A. F. Rios, T. Steinhoff, M. Santana-Casiano, D. W. R. Wallace, and R. Wanninkhof
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Pelagic seascapes: dynamic, relationship-preserving GED B&@N
multidimensional, multiscale and global habitat classification

Satellite-based 33 unique classes Max(P): (un) certainty

Synoptic & updated o A

Ocean Physi S .g.
o2 SST jce, MSalinitys"m'"”"s”’
| :, | ML pipeline
Probabilistic
Topology-
preserving g ; J J ; |
e e Water mass extent Novel conditions/fronts
MODIS, VIIRS, PACE
chi-a, nFLH, ChoM Kavanaugh et al., 2015; 2016; 2018; 2021;

See also Oliver and Irwin, 2008; Sonnewald et al., 2021;



Seascape Mean Properties

Seascapes for CO, AT -

 Reduced complexity : SST, Chl-a, and Tau-v.> 18 Seascapes
* >300K pCO2, SST, SSS obs:

CDIAC + Hales (seasonally balanced and through 2006)

Chl
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* Control the water mass: different physical and metabolic constraints
on the carbonate system
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Semi-mechanistic model (Hales et al., 2012):
mixing, thermal, metabolic effects on TCO, changes

3T( 104

Initialized/optimized | Remote & SS
model parameters | observations

| Intermediate DIC, TA | SST, SSS |
.

Carbonate-system calculator

Quadratic or CO2 SYS
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biology

mixinor

Concentration +thermal effect + metabolic efficiency
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Satellite-based prediction of pCO in S ——
coastal waters of the eastern North I Ide model parameters I
Pacific
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Taro Takahashi ¢, Richard Feely ¢, Christopher Sabine ¢, Francisco Chavez f




Optimized model predicted pCO,,

* RMSE: 32 uatm, r2=0.48, bias accountable (~40
uatm) for quadratic + thermo4 realisation

* |Individual seascape RMSE even lower <10 uatm

* Parameter space: minimal imposed space-time
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Optimized model predicted pCO, by

S€aSCapPe pooled WRMSE=29.1, WRMSE,,17.0 uatm

RMSE offshore waters < very nearshore seascapes (not surprising)
Despite variability- dynamic range captured in upwelling seascapes (14-17)

High productive, high saline Baja CA, MX
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Meta-model and regional (seascape) intercomparison

initialization and skill

Baseline Alkalinity: 2275 and 2300
Regionally varying metabolic efficiency or constant.
Allocation of thermal effect to heating or mixing (0= no heating, 1=no mixing)
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Hybrid models

Optimized Metamodels: different initial conditions or constraints

Hybrids (SS param selected from different metamodels)
No affect overall, but increases r2 of individual seascapes.

Which models dampen variability? Which seascapes are robust to

model initial conditions?
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Dynamic pCO, match-up: very promising!

NOAA PMEL mooring 2.5 hr data binned to 8 day running averages.
CO2-scape metamodel evaluated with Aqua-MODIS SST and chl-a.
Captures phenology, seasonality, events, and interannual variability.
NOTE: Training data were pre-2006!!!

Observed vs Modeled pCO2
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T-Alk and Salinity

* Nitrate follows Redfield, but accounts for much less variation
in T-Alk than salinity (4x the effect). But together they account

for ~90% of T-Alk variability.

Nitrate, T-CO2, T-Alk, and salinity from GLODAP-v3

40
30
20

10
£~
ald(

Lo & &7
2000
T-CO2

[Nitrate]

1800

* The OISSS Level 4 multi-mission sea surface salinity product: 2011 to present, on a 0.25° x 0.25° grid

/

2200

2400

2400
2300

L

< 2200

2100

1800 1900 2000 2100 2200 2300
T-CO2

with a 4-day temporal resolution

« Aquarius (2011-2015),

2400

2300

2200

2100

2000
28

30

32 34
Salinity

SMAP (2015-present),

36 38

Supplementary SMOS data



Summary and thank you!!!!

* Semi-mechanistic models can perform as well or better
than MLR or machine learning models. o

* Dynamic seascape classifications can facilitate. nstraint -
of water mass differences and history R

phenology,seasonallty}g/mtefa’p al lity,of;p;cag

in upwelling systems.
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Ocean and Coastal Acidification
Monitoring Priorities for the

Northeast U.S. and Eastern
Canada

Austin Pugh, NERACOOS




Goal of Monitoring Plan

The NECAN monitoring plan identifies specific actions t
improve the monitoring and future decision making of
acidification in the Northeast monitoring region

Caveats: Due to the size of the NECAN
region and the high variability of the
coastal zone this monitoring plan could
not consider and make
recommendations for all locals in the
region:




Summer 2021

- Winter 2021 Summer 2022 March 2023
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S Discussions With NROC BIL funding 2023 Webinar
Idea was proposed by NROC Begin approved Series Start
NECAN Steerin;
& 2023 Webinar
Committee September 2023 QO Series Ends
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n person Steering  Monitoring Priorities  Original “Monitoring
Committee Meeting in the NE Workshop Priorities” workshop date
Monitoring Priorities
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NROC Comes on Board
NERACOQOS

NROC /@1

Northeast Regional

Ocean Council :LQ\

----- NOAA OCEAN ACIDIFICATION PROGRAM

NORTHEASTERN REGIONAL ASSOCIATION
OF COASTAL OCEAN OBSERVING SYSTEMS
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NEC

NORTHEAST COASTAL
ACIDIFICATION NETWORK




2023 NECAN Webinar Series

Topics: NECAN 2023

e Current Assessments Webinar Series
Climate

[
e Modeling

e Biological Impacts

e New Technologies/Sensors/Methods
e User Needs & Products

e Indigenous Perspectives & Concerns
e Rapid Response




2023 NECAN Workshop

Monitorin mPr;iorities in
the Northeast




Monitoring need Imp Feas Cost Avg
I%M\}e%patial and temporal scale of monitoring co-located OCA variables and biological measurements | 1st 1st 2nd 2

to better resolve variability of acidification dynamics in concert with biological processes

hDbsddubsurface monitoring to understand how conditions vary at depth 2nd 1st 2nd 2.7
IMDb&e the number of high-frequency monitoring assets that measure at least two of four carbon 3rd 3rd 1st 3.1
parameters

IW§66ear-real-time and rapid response observing capacity to capture episodic events 4th 5th 5th 3.9
IR%Tq?Espatial coverage of “climate-quality observations 6th 4th 4th 3.9
Determine fluxes and rates that would help parameterize and constrain regional modeling efforts to 5th 6th 6th 4.7

Wﬂst@d past conditions and project future trends

NECAN

NORTHEAST COASTAL
ACIDIFICATION NETWORK




Writing Process

Began in April 2024 Q

SC and partnering authors

First draft Made available for comment by webinar presenters and
workshop participants in October of 2024
Second Draft available for comment by anyone November 8th-24th:

NROC meeting
NECAN Mailing list
OAIE

Final version available 2025




OCEAN AND
COASTAL
ACIDIFICATION

Monitoring Priorities for the
Northeast US and Eastern Canada

NECAN

NORTHEAST COASTAL
ACIDIFICATION NETWORK




Monitoring Need A:

Improve spatial and temporal scale of
monitoring co-located OCA variables and
biological measurements to better resolve

variability of acidification dynamics in

concert with biological processes




Monitoring Need B:

INncrease subsurface monitoring
to understand how conditions
vary at depth




Monitoring Need C:

Increase the number of high-
frequency monitoring assets
that measure at least two of four
carbon parameters




Monitoring Need D:

Increase near real time and
rapld response observing
capacity to capture episodic
events




Monitoring Need E:

Better spatial coverage of
“‘climate”-guality observations




Monitoring Need F:

Determine fluxes and rates that
would help parameterize and
constrain regional modeling

efforts to understand past
conditions and project future
trends.




Examples of Proposed Actions

Bolstering existing monitoring programs and surveys such as ECOA and the
NERR/NEP networks.

Development of a documented “lending library” of available assets in the region

Bolster tools like the Northeast Ocean Data Portal can be used to identify sites
ideally suited to collaborative climate-quality monitoring.




- NROC

Northeast Regional
Ocean Council

Northeast Regional Ocean Council

OCEAN ACIDIFICATION OUTREACH




OCEAN ACIDIFICATION MONITORING IN THE NORTHEAST

* Robust data collection and monitoring of environmental
variables associated with OA are essential.

* NROC has played a leading role in supporting OA
monitoring and management efforts in the region.

* In November 2023, NECAN-NROC hosted workshop to
identify priorities for understanding OA in the region and
impacts.

* Workshop outcomes served as basis for development of
draft Ocean Acidification Monitoring Plan.

NROC

Northeast Regional
Ocean Council
—



DEVELOPMENT OF OCEAN ACIDIFICATION MANAGEMENT TOOLS

* NROC is prioritizing the development of
an OA theme on the Northeast Ocean
Data Portal.

" « Conducting outreach to Tribes, scientists,
managers, and regional partners to
inform the development of the OA theme.

iy * Key findings related to data needs,
A LT species specific concerns, thresholds,

ro— regions of interest, and other info will be
(i key in developing data layers.

. 7I\g ymdelonine iy

NonmEAs?—";

OCEAN DATA
- LV

Ve _

- NROC

Northeast Regional
Ocean Council




NROC OCEAN ACIDIFICATION ENGAGEMENT TO DATE

* NROC began outreach in Spring 2025 with
state coastal managers in Maine, New
Hampshire, Massachusetts, Rhode Island
and Connecticut.

* Engagement with Tribes, regional scientists,
and SeaGrant program representatives
currently underway.

* NROC Ocean Acidification webinars in
September for regional scientists and other
regional partners (wildlife managers,
National Estuarine Partnerships, National
Estuarine Research Reserves, others).

NROC

Northeast Regional
Ocean Council




MANAGEMENT QUESTIONS FOR NORTHEAST OCEAN DATA PORTAL

* What are the species of concern as it relates to ocean acidification in New England for your entity and
why (i.e., lobsters, oysters, scallops, others). What specific management/regulatory activities apply?

* What types of maps, tools, or data products could help inform your entities' engagement in those
management activities? Specifically, information beyond the monitoring being conducted in specific
locations — for example, maps of ocean acidification concentrations and risks to individual species
sensitivity?

* Have efforts been employed to map species and areas that are increasingly vulnerable to ocean
acidification in your agency/entity or more broadly within New England? If so, who were these efforts
carried out by? What types of data and information were collected to support their characterization as
vulnerable? Where are these data/information/products stored?

e Anything additional you want to discuss related to management needs? Are there others in your
agency/entity/community we should engage?

- NROC

Northeast Regional
Ocean Council
—



ENGAGEMENT TO DATE: MANAGEMENT NEEDS AND PRIORITIES

Overview of species concerns, management needs, and recommended data products to inform decision
making:

* Interest in mapping the regional extent of ocean acidification risk and identifying habitats that might be at risk
for species of concern.

* Species of high importance include American lobsters, oysters, clams (softshell, quahog/hard, razor, Atlantic
surf clam), mussels, seagrass, eel grass, squid, forage fish species, sand lance, and bay anchovies.

* Interest in data products that inform aquaculture site selection and decisions related to permitting, use of
technology and other management needs.

* Data products that allow the visualization of regional ocean acidification hot spots and the characterization of
coastal acidification, particularly at it relates to natural beds and important aquaculture growing areas.

* Interest in mapping the extent of ocean/coastal acidification to assess the success of ocean acidification
mitigation strategies (i.e., multitrophic interventions).

Preliminary feedback on data product development:

* Integration of existing ocean acidification data variables collected from various regional assets and monitoring
programs into Northeast Ocean Data Portal.

* Potential development of species vulnerability mapping features based on known ocean acidification

'R T T Y Y I L T T Y .Y - ¥



REPORTING AND NEXT STEPS

* Following engagement with states, Tribes,
scientists and industry representations,
NROC will compile responses into a report
which will be published in Fall 2025.

* The findings documented in this report will
include:
e Summary of what we heard
» Series of key recommendations
» Agencies/organizations listed (no name
specifics).

e If you would like to provide feedback or
recommend an entity that we should

engage, please let us know!
NROC

Northeast Regional
Ocean Council




QUESTIONS/FEEDBACK?

mcleannikelene@gmail.com

atrice@northeastoceancouncil.org

Emily.Shumchenia@gmail.com

" NROC

Northeast Regional
Ocean Council



mailto:mcleannikelene@gmail.com
mailto:atrice@northeastoceancouncil.org
mailto:Emily.Shumchenia@gmail.com

Thank You

NECAN Steering Committee:

Jake Kritzer (co-chair), NERACOQOS

Samantha Siedlecki (co-chair), University of Connecticut
Kumiko Azetsu-Scott, Fisheries and Oceans, Canada
Gabriela Bradt, University of New Hampshire

Steve Couture, New Hampshire Department of Environmental
Services

Parker Gassett, Maine Climate Science Information Exchange
Office, Unlver3|ty of Maine.

Dwight Gledhill, NOAA Ocean Acidification Program
Christopher W. Hunt, University of New Hampshire
Carolina Bastidas, MIT Sea Grant

NROC

Northeast Regional
Ocean Council

z NERACOOS

NORTHEASTERN REGIONAL ASSOCIATION
OF COASTAL OCEAN OBSERVING SYSTEMS

7 .NERACOOS

Ivy Mlsna, Environmental Protection Agency

Adam Pimenta, US Environmental Protection Agency
Amy Trice Northeast Regional Ocean Council

Justin Ries, Northeastern University

Elizabeth Turner, NOAA National Centers for Coastal
Ocean Science (retired)

Other members of the Editorial Team:

Diane Lavoie, Fisheries and Oceans Canada

Contact: austin@neracoos.org
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I%M\}e%patial and temporal scale of monitoring co-located OCA variables and biological measurements | 1st 1st 2nd 2

to better resolve variability of acidification dynamics in concert with biological processes

hDbsddubsurface monitoring to understand how conditions vary at depth 2nd 1st 2nd 2.7
IMDb&e the number of high-frequency monitoring assets that measure at least two of four carbon 3rd 3rd 1st 3.1
parameters
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4 National Estuarine Research Reserve System
Centralized Data Management Office

e §
A
. Jd(:ques E}
( )ousteau
National Estuarine Research Reserve

R | roroees

National Estuarine Research Reserve
System (NERRS)
System Wide Monitoring Program
(SWMP)

Gregg P. Sakowicz
Assistant Research Coordinator/Field Researcher lli
Jacques Cousteau National Estuarine Research Reserve
15 July 2025
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NATIONAL ESTUARINE RESEARCH RESERVES

Great Lakes
1. Lake Superior, Wisconsin
2. Old Woman Creek, Ohio

Northeast
3. Wells, Maine
. Great Bay, New Hampshire
. Waquoit Bay, Massachusetts
. Narragansett Bay, Rhode Island
. Connecticut

Mid-Atlantic
8. Hudson River, New York
9. Jacques Cousteau, New Jersey
10. Delaware
11. Chesapeake Bay, Maryland
12. Chesapeake Bay, Virginia

~N O 0

Southeast
13. North Carolina
14. North Inlet-Winyah Bay, South Carolina
15. ACE Basin, South Carolina
16. Sapelo Island, Georgia
17. Guana Tolomato Matanzas, Florida

Gulf of Mexico
18. Rookery Bay, Florida
19. Apalachicola, Florida
20. Weeks Bay, Alabama
21. Grand Bay, Mississippi
22. Mission-Aransas, Texas

West
23. Tijuana River, California
24. Elkhorn Slough, California
25. San Francisco Bay, California
26. South Slough, Oregon
27. Padilla Bay, Washington
28. Kachemak Bay, Alaska

Pacific
<« ;s
¢ '%" 29. He'eia, Hawal'i
“ Caribbean
' Puerto 30. Jobos Bay, Puerto Rico
Hawaii Rico
PROPOSED

Bay of Green Bay, Wisconsin
Louisiana




System-Wide Monitoring Program

¢ "SWMP”
 Water, Weather, and Nutrients

« Same at all 30 reserves

* Centralized Data Management Office (CDMO)

« Data Management Committee (DMC)
« Oversight Committee (OC)



SWMP Monitoring at NERRs

Four Water Quality (WQ) stations

One Meteorological (MET) station

Nutrient (NUT) sampling conducted at the WQ
stations

Option of additional “Secondary SWMP” stations



DE.

Delaware
Bay

Atlantic

Ocean

M JCNERR

Jacgues Cousteau
National Estuarine
Research Reserve

Barnegat Bay




Example: JC NERR SWMP Stations

e

© = SWMP Water and
Nutrient Station

‘\I
/-y
Lower Bank

i : : = SWMP Weather
Nacote Creek Station
~ ~
New Jersey

® = Secondary SWMP
Nutrient Station




Types of Data Recorded

« WQ: Temperature, Specific Conductivity,
Salinity, Dissolved Oxygen, Depth, pH, and
Turbidity.

« MET: Temperature, Humidity, Atmospheric
Pressure, Wind Speed, Wind Direction,
Precipitation, sunlight intensity (PAR)

« NUT: Orthophosphate, Nitrate, Nitrite,
Ammonium, Dissolved Inorganic Nitrogen,
Chlorophyll
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SWMP “pluses”

High frequency, long term
— 15 minute interval, 30 year dataset

Excel at baseline monitoring and capturing
event impacts

SOP’s standardized
— Equipment, operation, QAQC, authentication

Open-source with continued support



SWMP “minuses” (re: acidification)

 One OA/CA parameter: pH

— Accuracy: +/- 0.01 units within +/- 10° of
calibration temperature, +/- 0.02 units for entire
temperature range

— Resolution: 0.01 units
— Reported: single decimal (tenths) place

« Too low-res for climatological examinations (?)

* Fouling and drift
— 30-45 day deployments



NERRS has Potential!

» Capable research and monitoring
community

— Varied expertise shared among community
— Collaboration and sub-contract opportunities

* Tradition of innovation and collaboration

— Workgroups, pilot efforts, internal and external
grants



Some Acidification Work by NERRS

* Wells NERR participating w/ UNH and
Friends of Casco Bay “Sensor Squad”

— To evaluate the accuracy of glass bulb/electrode sensors

— Explore the ability to model or derive TA (and possibly
other carbonate chemistry parameters) using sonde data

— Provide guidance on best practices/methods for
collecting carbonate chemistry data from continuous
monitoring programs



Some Acidification Work by NERRS

« Waquoit Bay NERR

— Spatial mapping of dissolved inorganic carbon

— Forecasting sediment nutrient & metal fluxes under
coastal acidification

— Quantifying impacts on estuarine nitrogen removal

— ECHOES: Oxygen metabolism & pH exchange
system



Some Acidification Work by NERRS

Jacques Cousteau NERR

— Monitoring services and tech support to Haskins Shellfish
Laboratory and Aquatic Innovation Center

— Provision of data, calibration and verification data to NOAA
affiliates examining “cold pool”

— Goldsmith, K., et al. Scientific Considerations for Acidification
Monitoring in the U.S. Mid-Atlantic Region. Estuarine, Coastal, and
Shelf Science Volume 225, 30 September 2019, 106189

— A number of proposals over the years



Quite a Bit of Work In NERRS

* Chesapeake Bay

Su, J., Cai, WJ., Brodeur, J. et al. Chesapeake Bay acidification
buffered by spatially decoupled carbonate mineral cycling. Nat.
Geosci. 13, 441447 (2020). https://doi.org/10.1038/s41561-020-0584-3

* West Coast NERRS (all five)

— Bednarsek, N. et al. Natural Analogues in pH Variability and
Predictability across the Coastal Pacific Estuaries: Extrapolation
of the Increased Oyster Dissolution under Increased pH Amplitude
and Low Predictability Related to Ocean Acidification.
Environmental Science & Technology 2022 56 (12), 9015-9028. DOI:
10.1021/acs.est.2c00010



Summary

 NERRS has long-term datasets to share
— Water, weather, nutrients, more
— Available at nerrsdata.org

* Place-based program with facilities and
infrastructure

« Looking for opportunities to engage and
collaborate in research



Some Links and Contact Info

« Sakowicz@marine.Rutgers.edu

* WWW.[Cherr.org
JC NERR website

e www.nherrsdata.org
access to SWMP data



http://www.jcnerr.org/
http://www.jcnerr.org/
http://www.jcnerr.org/
http://www.jcnerr.org/
http://www.nerrsdata.org/
http://www.nerrsdata.org/

Thank you

Questions?




Supplementary Slides

* The following slides will not be presented
during the session but may be utilized
during the Q&A to answer

potential/anticipated questions during the
Q&A



Autonomous Robotics Program




Autonomous Robotics Program
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Meteorological (MET) Station
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www.nerrsdata.org

INATIONAL ESTUARINE RESEARCH RESERVE SYSTEM#®

=—  Centralized Data Management Office ‘ : ,I N
A s I
Home About CDMO About Data Get Data Web Services Science Collaborative

Choose Reserve... i ?The CDMO is excited to

DELSJMET 05/07/18 11:30 AM ‘announce the launch of our ne
DELSLWQ 05/07/18 11:30 AM . SWMP Mobile application.
LN : :Near real-time SWMP data is
: now available on your

4

‘ 'smartphone or tablet at:

.'V i e “‘T / D 0 “T ll l.vo a ,‘ ] :%www nerrsdata.org/mobile
? y &k ?
] D ata i TEERSERT .EOur Data Graphing and

Export System has been

Delaware Resene ‘‘updated and now has enhance
Air Temperature: 1.3 °C (67 °F) : \graphing capabilities! Want to
Wind Speed: 2.3 m/Sec (05 mph) ‘easily export or graph data? If
. 'so, check out our Data Graphi
. © oF) H e ==
Water Temperature: 20 °C (68 °F) . and Export System!
Salinity: 3.9 PPT |

Dissolved Oxygen: 4.5 mg/L

Department of Commerce | NOAA | National Ocean Service | Office for Coastal Management | NERRS | Webmaster ‘v'
Site hosted by NOAA's National Estuarine Research Reserve System, Centralized Data Management Office.


http://www.nerrsdata.org/

NATIONAL ESTUARINE RESEARCH RESERVE SYSTEM#
Centralized Data Management Office '

About CDMO About Data Get Data

Data Graphing and Export System

The DGES was developed to provide the majority of users with quick and intuitive access to SWMP data. The
DGES utilizes a map-based interface for Reserve and station selection, displays current conditions at real-
time stations, offers powerful graphing capabilities, allows data exports for a single station at a time, and
provides the ability to download yearly nutrient/pigment data files which may contain additional non-
standard parameters.

Advanced Query System

The AQS was developed to specifically address the data delivery needs of those end-users looking for large
amounts of data exported in a format that can be easily imported and manipulated for data analysis. The
AQS offers three different query options allowing for mass downloads of annual files, customized queries for
specific parameters and multiple stations in the same file, and an option to merge water guality,
meteorological and nutrient datasets.

To launch the Advanced Query System, click here.

Real Time Data Application

The Real Time Application allows users to view near real time data, real time gauges, and 24 hour graphs
with multiple parameters. You may use a bookmarked link to directly access the station of interest, or
browse and select your station. The display will update automatically with the latest information as it comes
in.

To launch the Real Time Data Application, click here.
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SWMP Status *

Station Code
JACNEWQ
JACNCMET
JACBEWQ
JACNENUT
JACBAWQ

2. Choose Station

Station Name
Chestnut Neck
Nacote Creek
Buoy 126
Chestnut Neck

Lower Bank

Active Dates
Aug 1596~
Oct 2002-
Aug 1996~
Feb 2002-
Oct 1996-

Data Type
# Water Quality
Meteorological
# Water Quality
¢ Nutnent

& Water Quality
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3.Choose Data

Please note the active dates for this station and choose a date range for your data request There is a 5 year maximum request limit with the Data
Export System, for larger and more complex query options plea the Advanced Query System also found on the Get Data page. Note that all
appropriate metadata will be included with your download pack

Active dates for station: @ Select dates: Choose dataset type: @

Aug 1996 - Present Start Date = ‘ Best Available Dataset "

End Date =

Proceed to download >>
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Data Graphing and Export System

The DGES was developed to provide the majority of users with guick and intuitive access to SWMP data. The
DGES utilizes a map-based interface for Reserve and station selection, displays current conditions at real-
time stations, offers powerful graphing capabilities, allows data exports for a single station at a time, and
provides the ability to download yearly nutrient/pigment data files which may contain additional non-
standard parameters.

Advanced Query System

The AQS was developed to specifically address the data delivery needs of those end-users looking for large
amounts of data exported in a format that can be easily imported and manipulated for data analysis. The
AQS offers three different query options allowing for mass downloads of annual files, customized queries for
specific parameters and multiple stations in the same file, and an option to merge water guality,
meteorological and nutrient datasets.

To launch the Advanced Query System, click here.

~

Real Time Data Application

The Real Time Application allows users to view near real time data, real time gauges, and 24 hour graphs
with multiple parameters. You may use a bookmarked link to directly access the station of interest, or
browse and select your station. The display will update automatically with the latest information as it comes
in.

To launch the Real Time Data Application, click here.
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Depth in meters

Superstorm Sandy and Winter Storm Athena
Depths at the JCNERR SWMP Stations

Sandy

——Buoy 126
—Buoy 139
——Chestnut Neck
—Lower Bank




Salinity in parts per thousand

Superstorm Sandy and Winter Storm Athena
Salinities at the JCNERR SWMP Stations

——Buoy 126
—Buoy 139
——Chestnut Neck
—Lower Bank




Superstorm Sandy and Winter Storm Athena
pH at the JCNERR SWMP Stations
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Shellfish growers use SWMP Dale Parsons




Shellfish Leases in JC NERR

Shellfish leases in JC NERR



Conditions leading to Mass Mortality event at clam farms

Air Temperature (C) and Wind Speed (m/s)
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Meteorological Conditions in Great Bay Jan. 28-Feb 1, 2022

——Air Temp (C)

——Max Wind Speed (m/s)

-=-\Wind Direction
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Wind and Tide
conditions
expose clam
beds to freezing
air temperature

Wind Direction

Documentation
from SWMP
secures

insurance claim
v/ 19/2025



JCNERR Robotics Program

Expandable Payload
Capabilities



Evaluating Satellite Ghlorophyll as an
Indicator of Coastal Acidification

Nichole Ruiz'3, Janet Reimer!, Kari St. Laurent?, Kirstin Wakefield'
'Mid-Atlantic Coastal Acidification Network, 2NOAA NCCOS, *Barnard College

MACAN



MAB in-situ
acidification datais
often spatially-limited
and sporadic.
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We also know that satellite chlorophyll-a
provides a robust proxy for
phytoplankton biomass, a driver of pH.

MACAN



We also know that satellite chlorophyll-a
provides a robust proxy for phytoplankton

biomass, a driver of pH.

Can we use satellite chlor-a to infer
biologically-driven changes in pH?

MACAN



We compiled available 2018-2022
carbonate chemistry data
for the bounding box using

various data sources.
-  MACAN data portal

- MARACOQOS Oceans Map [t :
_ T D(CIIE
- Individual contributors G UTCERS

T s

MACAN



We used a chlor-a satellite product with an
improved coastal pixel algorithm.

Gap-filled DINEOF; NOAA S-NPP, NOAA-20

VIIRS, Copernicus S-3A OLCI - 7
- 2kmresolution » =

-  Bands at 400-700 nm
- Surface data

MACAN



How do we incorporate
satellites to infer pH-
phytoplankton

relationships?

MACAN

Mid-Atlantic Coastal Adidification Network




Satellite chlorophyill »\‘
pixel

Nearest coordinate indexing

In-situ sample of a pasiy s pa——

carbonate parameter \
.

MACAN

Mid-Atlantic Coastal Acidification Network




Pixel-indexing accounts for chlorophyll
heterogeneity among ecosystems.

Log Chl-a(mg m™)

MACAN

Mid-Atlantic Coastal Acidification Network



The directionality and strength of pH-phyto
relationships are season-dependent.

We used seasonal cycles of biomass growth
rate, sea surface temperature, and

photosynthetically active radiation to identify
these seasons.

MACAN



Seasonal windows of biomass growth are site-specific.
Chesapeake Bay

Offshore New Jersey

:: :; Growth Window -
” 02 0 E G . " E-s G
g o Efo = S S|,
% . i ; a § 000 4+~ 0 :é-o 5
E -5 Q01 C%) ;'4 v
0.4 -100 O os 300 CE
<8 _;w o Mar Jun Sep Dec " °
il Day of‘Year N
0.04 300
0.03 1 L 200 — 10
0.02
- £r5 ~ . . .
g " R e dC/dt = first derivative of chlor-a data
g * E[® | PAR=photosynthetically active radiation
-0.01 1 — . .
. 0 s (National Estuarine Research Reserve
-0.03 1 -200 & L -10 System)
MAp A N -0.04 . ; v - - -300
0 50 100 150 200 250 300 350
Day of Year
Mid-Atlantic Coastal Acidification Network




pH has a delayed signal response to decomposition.

We calculated the cross correlation coefficient to identify each seasonal windows’ lag

response time.

BLOOM PEAK

DECOMPOSITION




Applying time lag to chl-a improves relationship with pH.
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p: 3149-78
n: 1014

0.5 1.0 1.5 2.0 2.5
Satellite chlorophyll (mg m-3)

MACAN

Mid-Atlantic Coastal Acidification Network
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Hypothesis: during seasons of high
biomass growth, phytoplankton will be the
dominant driver of pH.

MACAN



Chesapeake Bay has high biological influence.

Red = biomass growth window

= DOY 145-203 DOY 204-248 DOY 249-276 :
| [Lag: 14 days Lag: 22 days Lag: 0 days| 18
R?:0.19 o R?: 0.07 R?:0.37
1 p: 1.63e.04 Ip: 1.07e-12
n: 189 n: 111 ) "

Salinity (SSS)

0 20 40 6 80 100 0 20 4 60 B8 100 0 20 40 60 8 100
Satellite chlorophyil (mg m-3) Satellite chlorophyll (mg m-3) Satellite chlorophyll (mg m-3)

Stormwater runoff + Outgassing Fall bloom;
warmer SSTs may be dominates pH during heavily dominated
triggering summer bloom the peak of summer by diatoms




Offshore New Jersey has less biological influence.

DOY 0-42, 305-365 DOY 43-63
Lag: 4 days ¥ 4 ﬂ
8.10{ R%:044 hoee 3 “
B 4tre129 i
8.05 —~— ‘!. * '“" b
8.00 10 .' 2
i o | g
7.95 ' ' g
Lag: 30 days o
7.90 R?: 082
p: 5.59¢-161
7.85 n: 431 ©
00 05 10 15 20 25 30 35 400 05 10 15 20 25 30 35 4
Satellite chlorophyll {(mg m-3) Satellite chlorophyll (mg m-3)
CO, ingassing under colder SST may Short spring season with high lag suggests
dominate phytoplankton influence low but sustained photosynthesis, likely
despite significant growth rate muted by grazing or low biomass. Suggests
why it wasn’t isolated as a growth window
by our identification method.




Barnegat Bay has open ocean influencing pH.

Nutrient depletion
following bloom,
respiration >

DOY 0-122 DOY 123-160 DOY 308-365
P 3 Bt
e - __c.f'"‘_ﬂ"- g - N N
& 2irs T - %, N - N 7
8.0 ¥ 1 TR e M ] % 3
5 | R, e T z
7.8 [Lag: 28 days|| - 1] y 4 L;o: 16 days|| - Lag: 20 days i
R?: 0.08 L R?:0.17 R2: 0.05 24
p: 1.22€-05 p: 1.58e-09 p: 1.81e-04
76 {n: 227 | n: 192 n: 285 .
0.5 1.0 15 05 1.0 15 0.5 10 15
Satellite chlorophyll (mg m-3) Satellite chlorophyll (mg m-3)  Satellite chlorophyll (mg m-3)
L Phytoplankton growth is
Growth falls within ytop 9

limited during winter + CO,
accumulation in the water
column due to colder SST

spring bloom window




Takeaways & recommendations

- Growth windows must be identified objectively.
- E.g., some seasons where dC/dt < 0 exhibited positive pH—chlor relationship
due to confounding biological influences
- Improving identification method can improve accuracy of relationship

- Cross correlation coefficient quantifies biological response time and
should be applied to pH—chlor-a correlations.

- Satellite chlor-a vs. pH relationships should be validated with in-situ
chlor-a for BGCMs

MACAN



Our analysis suggests that phytoplankton are the primary
driver of pH at sites whose seasons experience positive pH-
chlorophyll regressions.

*Our approach has been performed best for estuarine bay ecosystems
(Chesapeake Bay, Barnegat Bay).

This is one step in a larger effort to resolve data gaps in
acidification monitoring.

MACAN



Implications for modeling and coastal communities

-  Modelers will need to consider seasonal variability of
phytoplankton blooms for acidification forecasts.

- Citizen science + satellite proxies are powerful assets for
sourcing and informing long-term water monitoring.

MACAN



Thank you!

ndr2141@barnard.edu
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W A 8§ HI N G T O N, DGC

ES

Article 17: Objectives

The objectives of this Part are to:

(a) Conserve and sustainably use areas requiring protection, including
through the establishment of a comprehensive system of area-based
management tools, with ecologically representative and well-connected
networks of marine protected areas;

(b) Strengthen cooperation and coordination in the use of area-based

management tools, including marine protected areas, among States,
relevant legal instruments and frameworks and relevant global, regional,
subregional and sectoral bodies;

(c) Protect, preserve, restore and maintain biodiversity and ecosystems,

including with a view to enhancing their productivity and health, and
strengthen

resilience to stressors, including those related to climate change, ocean
acidification and marine pollution:

(d) Support food security and other socioeconomic objectives, including

the protection of cultural values .. . [emphasis added]
3

Agreement under the
United Nations
Convention on the Law
of the Sea on the

conservation and

sustainable use of
marine
biological diversity of
areas beyond national
jurisdiction (2023)
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Article 28: Obligation to conduct environmental
impact assessments

1. Parties shall ensure that the potential impacts on the marine
environment of planned activities under their jurisdiction or
control, which take place in areas beyond national jurisdiction, are
assessed .. . before they are authorized [emphasis added]

Article 28: Obligation to conduct environmental impact
assessments

(b) Ensure that activities covered by this Part are assessed and
conducted to prevent, mitigate and manage significant adverse
impacts for the purpose of protecting and preserving the marine
environment [emphasis added]

4

Agreement under the
United Nations
Convention on the Law
of the Sea on the

conservation and

sustainable use of
marine
biological diversity of
areas beyond national
jurisdiction (2023)
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BBNJ: Article 30: Thresholds
and criteria for environmental
impact assessments

1. When a planned activity may have more
than a minor or transitory effect on the
marine environment or the effects of the
activity are unknown or poorly understood,
the Party with jurisdiction or control of the
activity shall conduct a screening of the
activity . ..

(a) The screening shall be sufficiently
detailed for the Party to assess if it has
reasonable grounds for believing whether
the planned activity may cause substantial
pollution of or significant and harmful
changes to the marine environment ...
[emphasis added]

UNCLOS: Article 206:
Assessment of potential
effects of activities

When States have reasonable
grounds for believing that planned
activities under their jurisdiction or
control may cause substantial
pollution of or significant and
harmful changes to the marine
environment, they shall, as far as
practicable, assess the potential
effects of such activities on the

marine environment ...

Agreement under the
United Nations
Convention on the Law
of the Sea on the

conservation and

sustainable use of
marine
biological diversity of
areas beyond national
jurisdiction (2023)
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Article 39: Strategic environmental
assessments

1. Parties shall, individually or in cooperation with other Parties,
consider conducting strategic environmental assessments for
plans and programmes relating to activities under their
jurisdiction or control, to be conducted in areas beyond national
jurisdiction, in order to assess the potential effects of such plans
or programmes, as well as of alternatives, on the marine
environment.

2. The Conference of the Parties may conduct a strategic
environmental assessment of an area or region to collate and
synthesize the best available information about the area or region,
assess current and potential future impacts and identify data gaps

and research priorities.
6

Agreement under the
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BacHlc Project Objectives and Approach
Northwest
e Vision and Relevance: Support mCDR Lab Experiments

iIndustry’s ability to optimize OAE applications
with experimentally supported modeling tools

e Technical Innovation: A flexible OAE module
iIntegrated with regional ocean models in multiple
domains Couplor

\Chesapeake
Bay

W il
”

e Research Approach and Application Gulf of
* Improved OAE dynamics improves simulated o MDA
CO, removal/impacts under realistic conditions

$ 33 3

EEEEEREREEE

« MRV framework for OAE life cycle assessment
using regional model outputs ur

IIIIIIIII

VIMS | 2

VIRGINIA INSTITUTE OF MARINE SCIENCE
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Northwest OAE Lab Experiments

NATIONAL LABORATORY

« Completed and ongoing microcosm
experiments in Sequim Bay Laboratory
have focused on air-sea gas exchange
rates, secondary precipitation

* Preliminary results have demonstrated
increased CO, uptake following alkalinity
additions in microcosm tanks

« Additional permission has been granted
for open water testing in Sequim Bay
Avg. Base-Added Tank CO2 ¢ by Salinity Group: NaOH

—e— Salinity group: S1
0.4 +— Salinity group: $2
~e— Salinity group: S3
—e— Salinity group: S4

«— Salinity group: S5

o
N

Alkalinity
plume

o
o

CO; Flux Rate, umol m~2 s~*

0 5 10 15 20
Days from Experiment Start
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Pacific

Northwest

NATIONAL LABORATORY

« Experimental results are used to directly

iInform the development of

parameters/processes in the OAE module

OAE Lab Experiments
and Modeling

« Simulations of Chesapeake Bay with
OAE module show increase in CO,
uptake of ~7% over 3-month period

0.4

+— Salinity group: S2
—— Salinity group: S3
—e— Salinity group: S4
+— Salinity group: S5

Avcj. Base-Aded Tank CO2 ¢ by Salinity Group: NaOH

~e— Salinity group: S1
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Days from Experiment Start
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Pacific ACO2 airsea flux (mmol m~—2 d-1) ACO?2 airsea flux (mmol m~2 d-1)

m .00- ey .00-
Northwest OAE M Ode I I n g - ?2,.9}6-02-16 12:00:00 - 2916 02-16 12:00:00 0.0010
NATIONAL LABORATORY "

Tot CO; flux = 1.34e+07 mmol d~?

* Model experiments have identified
OAE efficiency hotspots in Salish Sea,
Gulf of Alaska, & Chesapeake Bay

« Extensive testing also found that signal
detectability dependent upon internal
BGC feedbacks and bit-reproducibility

50 - = & e 50 - AL 0.0008

0.0006

I

r’“‘u‘\ ::“ \ ol
61 b \ 46 - Ty 0.0004

Day +1 after OAE Day +10 after OAE
151°W 149°W 147°W 145°W 151°W 149°wW 147°W 145°W
- 441 44 - -0.0002
61.5°N 61.5°N
61°N 61°N
42 : . S 42 . . A 0.0000
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. Future testing in multiple domains will
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Pacific Regional Model Comparisons and Applications
Northwest
2300 If of : Chesapeake
3 Mean (STD) Gulfof ' o lish Sea P
200 Alaska Bay
20 & | DIC (umol kg™) 1942 (224) 1404 (297) 1116 (189)
00 2| Alkalinity (umol kg') | 2135 (251) 1411 (313) 1097 (207)
ZN 1900 —é
i Z | pH 8.05(0.04)  7.85(0.09) 7.78 (0.32)
! 1800
el R i Ml Bl pCO, (uatm) 377 (57) 558 (117) 768 (407)
2300
x0T | @ Project will integrate OAE module in 3 distinct
iE‘ regional models with varied BGC codes and
P 2 background conditions
46'N 2000 _-_ZE‘
3 | e Alkalinity STD in 3 regions is ~100x larger than
1900 E

4rN — ——
3°W  128°W 1260W 124w 122w

1800

previously simulated OAE additions
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NO3 (uM)
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2024-08-01 01:00:00
Ches-ECB

Ikalinit
2960

2250

2200

2150

2100

48.200

48.175

48.150

48.125 A

48.100 A1

48.075 A

48.050 A

48.025 A

Cobalt

—123.05 —123.00

kalinit
2960

2250

2200

2150

2100

e High resolution comparison of 3 different biogeochemical codes
will permit consistent OAE module testing in realistic domains
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Pacific
Northwest  Model Applications for MRV
™ &
e Interviews with MRV practitioners B S
have highlighted key opportunities for L
applications of this research effort in ..’,'."J Impact _ .
carbon accounting & Fisheries e JMCOR L]
Isr;ap'?iec';:ilgl?; | Strategic Applications &

e Applicability of OAE module to MRV is

Partnership | Benefits
<Outreach Feedback>
Accurate

dependent upon .I‘-.
o Trustworthy experimental and field reoining . MPOER
data Monitoring, \./ Model
o . g . E & Durability Sensitivity
== o Confidence-building modeling tests Analysis Iﬁ
- In real-world environments W Data vs. Model

Communication

o MRV protocol consistency
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Pacific

Northwest  Conclusions
( - gem [ \

- Developing standardized OAE / 0AE{SpeC|fJ|cat|3:r.1s\
module capable of interfacing with | CEraEm S T
multiple ROMS biogeochemical
configurations " Rea ™ ‘

egional OAE N
Ocean Model
Module

« Experimental findings help modify
rates of CO, uptake, simulate

secondary precipitation dynamics in \_ . Y,

00 )

4 Optimize Evaluate Feedbacks
Dispersal and Impacts

* Future work could also help inform @
sensor placement in testable small \ - \ /
. . . \

coastal domain like Sequim Bay

OAE module
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Questions?

Kyle Hinson
Pacific Northwest National Laboratory
kyle.ninson@pnnl.gov

Funding for this work provided by the U.S. Department of
g Energy’s Advanced Research Projects Agency— Energy
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Quantifying the Efficacy of Wastewater Alkalinity
Enhancement on mCDR and
Acidification Mitigation in a Large Estuarv
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Outline

Project Rationale and Motivation

Field Trial and Estuarine MRV

Real-time data to help
understand high-frequency
changes

Environmental impacts
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Benefits of WWTP as a Veicle f_or OA

(1) Supports existing plant process
(nutrient removal) while elevating
alkalinity/mCDR

(2) No new permits needed

(3) Low pH in WWTP allows for rapid
dissolution, limited precipitation

(4) Low-cost delivery (contrast with
transporting material to open ocean)

(5) If alkalinity added upstream, reduced
CO, emission = 1.6% of greenhouse
gas emissions (GHG)

WWTP pCO, >10,000 ppm

(6) Potential to reduce acidity of
discharged wastewater



Project Overview

Hampton Roads

. . Sanitation District Facilities
Project Overview

Alkalinity Addition at
Wastewater Treatment Plant YRTP

Measurement of mCDR s
Ca(OH)% — and OAE in Estuary WBTI?;.P*
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Improved Models for MRV
« System-Scale mCDR Estimates
: « Spatial Pattern of Impacts
Whole Ecosystem ===~
WWTP Alkalinity
Model Experiments



Two Field Trials: Fall 2024, ,Summer 2025

Timeline: Oct 28 — Nov 2, 2024
* Downstream Addition: Oct 28 — Oct 30, 2024 geermaesmemm
* Upstream Addition: Oct 31 — Nov 2, 2024 T 4 7
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Measurement, Reporting, and Verification (MRV)

Estuary

«  pCO,: Underway pCO, system

* Discrete DIC, TA, pH (high and low tide)

* Real-time CTD, oxygen, turbidity, fluoresence
. Discrete Chl-a, TSS, nutrients, metals

WWTP Outfall

* Discrete DIC, TA, pH, pCO, (hourly-daily-weekly)
*  Real-time pH, pCO,, turbidity

*  Discrete pH, metals
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TA (umol/L)

Fall 2024 Trial Estuary TA

Estuary TA

Dosing Starts Dosing Ends

11/1/2024

Measurement Dates
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The Messy Estuary
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Conclusions and Thank you

WWTP-based OAE is feasible, scalable, but utility may be site-specific

Downstream OAE successfully increased pH, TA, and DIC in effluent,
reduced CO,

Alkalinity and pH increased in estuary during the trial, but some of this
likely due to changes not associated with OAE

No obvious biological impacts of the trials






Two Approaches

Process Diagram at VIP
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ENVIRONMENTAL RESEARCH
LETTERS

LETTER

Wastewater alkalinity enhancement for carbon emission reduction
and marine CO, removal

Ming Li"" @, Yuren Chen' ", Riley Doyle" ', Jeremy M Testa'("), Alexandria Gagnon (', Charles Bott ()
and Wei-Jun Cai

Horn Point Laboratory, University of Maryland Center for Environmental Science, Cambridge, MD, United States of America
Hampton Roads Sanitation District, Virginia Beach, VA, United States of America

Département de génie civil et de génie des eaux, Université Laval, Québec City, Québec, Canada

Chesapeake Biological Laboratory, University of Maryland Center for Environmental Science, Solomons, MD, United States of America
School of Marine Science and Policy, University of Delaware, Newark, DE, United States of America

1
2
3
4
5
* Author to whom any correspondence should be addressed.
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SUMO Simulations of Alkalinity Addition
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Figure 2. SUMO simulation results for two WWTPs: the VIP and the Atlantic treatment Plant (ATL) located in the lower
Chesapeake Bay. (a)-(d) TA, DIC, and pH in the discharge effluent, and the total CO; efflux at the VIP. No alkalinity is added in
the control model run. Alkalinity is added as CaCOj at five different dosages: ATA = 50, 100, 150, 200, and 270 mg 17 1. (e) Total
CO; emission reduction versus total TA added to the VIP (blue stars) and the Atlantic Treatment Plant (red circles).




Why this project?

 With a near-consensus that negative emissions technologies
are required to meet global warming mitigation goals, all
options can be explored for removing carbon

 marine Carbon Dioxide Removal (mCDR) is one mode of
negative emissions, where manipulations of marine water
lead to uptake and long-term sequestration of carbon in the
ocean

 Wastewater treatment plants present an opportunity to
support mCDR, as they are existing, industrial-scale
infrastructure that discharges to estuarine and marine waters



Wastewater Treatment for OAE and
Emissions Reduction

* 1000 km?3 of wastewater generated globally: 300 km? discharged as
municipal wastewater and over 600 km3 as industrial wastewater.

* Sewage has high DIC (3000-5000 mmol C/kg) and high pCO, (>10,000 ppm), an
important source of coastal acidification (Yang et al. 2018)

* Wastewater plants account for 3% of global electricity consumption
and 1.6% of greenhouse gas emissions (GHG) — 0.77 Gt CO, eq.
(Lu et al. 2018).

Coastal ocean




&2 Columbia Law School | COLUMBIA CLIMATE SCHOOL
SABIN CENTER FOR CLIMATE CHANGE LAW

Federal and State Permitting Requirements for mCDR
Ashwin Murthy
July 15, 2025




Marine Carbon Dioxide Removal

0 OCEAN VISIONS

oceanvisions.org/oceancdr

Sabin Center
for Climate

Change Law

Ocean-Based Carbon Dioxide Removal © 2023 by Ocean Visions is licensed under CC BY-NC-ND 4.0.




Ocean Alkalinity Enhancement

CARBON DIOXIDE IN
SEAWATER + ALKALINITY
= CARBON STORED IN
THE OCEAN AS
BICARBONATE

(¢0) H,O Alkaline

2
ials
. Q materia

—

O OCEAN VISIONS

oceanvisions.org/oceancdr

Sabin Center
for Climate

Change Law

Ocean Alkalinity Enhancement © 2023 by Ocean Visions is licensed under CC BY-NC-ND 4.0.




Biomass Sinking

MACROALGAE CULTIVATION AND

CARBON SEQUESTRATION
Carbon Sunlight

dioxide Use for
long-lived low
® @ Harvest by Process at sea S<,:c:rbon
ship or or onshore products 0000
remotely g : , o
operated vi 2 s i i d i R A b ke 4 A

vehicle ;
Macroalgae cultivated in o = Use for algal

diverse offshore systems \ Shils bioenergy with
g carbon capture

Intentional

biomass

Natural sinking
biomass
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Photosynthesis
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CARBON SEQUESTERED —

IN DEEP OCEAN

0 OCEAN VISIONS

oceanvisions.org/oceancdr

Macroalgae Cultivation and Carbon Sequestration © 2023 by Ocean Visions is licensed under CC BY-NC-ND 4.0.

Sabin Center
for Climate

Change Law




Federal Laws

Marine Protection, Research, and Sanctuaries Act

Clean Water Act

Rivers and Harbors Act

Coastal Zone Management Act

National Environmental Protection Act

Endangered Species Act

Marine Mammal Protection Act

Magnuson-Stevens Fishery Conservation and Management Act
National Historic Preservation Act

Migratory Birds Act

Sabin Center
for Climate

Change Law




MPRSA: Prohibition

PROHIBITED ACTS

SEC. 101. [33 U.S.C. 1411] (a) Except as may be authorized
by a permit issued pursuant to section 102 or section 103 of this
title, and subject to regulations issued pursuant to section 108 of
this title,

(1) no person shall transport from the United States, and
(2) in the case of a vessel or aircraft registered in the

United States or flying the United States flag or in the case

of a United States department, agency, or instrumentality, no

person shall transport from any location. !
any material for the purpose of dumping it into ocean waters.

(b) Except as may be authorized by a permit issued pursuant
to section 102 of this title, and subject to regulations issued pursu-
ant to section 108 of this title, no person shall dump any material
transported from a location outside the United States (1) into the
territorial sea of the United States, or (2) into zone contiguous to
the territorial sea of the United States, extending to a line twelve
nautical miles seaward from the base line from which the breadth
of the territorial sea is measured, to the extent that it may affect
the territorial sea or the territory of the United States.

Sabin Center
for Climate

Change Law




MPRSA: Dumping

 Dumping means a “disposition of material”
* Broad definition

 Distinct from the London Convention — MPRSA includes disposal for
beneficial purposes under dumping

« “Material” is to be read broadly (like pollutants under the CWA)
* “Transportation”

« Trigger for the MPRSA

« Must be through vessels (which includes aircrafts)
« mCDR

* Mineral-based OAE

* Biomass sinking

« Associated dumping (potentially fertilizer, nets, etc.) Seliia Cami

for Climate

Change Law




MPRSA: Jurisdiction

MPRSA Ocean Waters

The Marine Protection, Research, and Sanctuaries Act (MPRSA) applies in “ocean
waters.” Ocean waters are waters of the open seas lying seaward of the baseline
from which the territorial sea is measured and include the territorial seas, the
contiguous zone, the U.S. exclusive economic zone, and the high seas.

BASELINE
The mean lower low water line on the coast and the “closing lines”
across river mouths and openings of bays

TERRITORIAL SEA Outer Limit
At least 3 nautical miles (nmi) from the baseline, but farther in some cases

CONTIGUOUS ZONE Outer Limit

12 nmi from the baseline of the territorial sea

EXCLUSIVE ECONOMIC ZONE (EEZ)

Outer Limit
200 nmi from baseline

Sabin Center
for Climate

Change Law




Clean Water Act: Text

* Any discharge of “pollutant” from “point source” requires a permit
» Pollutants to be read broadly
« Point sources are any “conveyance” (pipes, outfall structures, etc.)
 NPDES permits (CWA S.402)
« Effluent limitations — Technology-based and water quality-based
* Narrative limitations
* Issued by EPA
« S5.404 permits
 Discharge of dredge and fill material
 Issued by Army Corps of Engineers

Sabin Center
for Climate

Change Law




Clean Water Act: State Implementation

Envisages a cooperative framework between federal government and
state governments

« CWA provides the federal baseline of regulation
Delegated permitting authority to states
States permitted to set standards - water quality standards, TMDLs
States issue water quality certifications (CWA S.401)

MPRSA preempts the CWA and state permitting
 However, states can still add additional requirements

Sabin Center
for Climate

Change Law




Clean Water Act: mCDR

Planetary — mineral OAE through established Ebb Carbon — electrochemical OAE
coastal facilities (link). Copyright © 2025 (link). ©2024 by Ebb Carbon, Inc. Sabin Center
Planetary Technologies, Inc for Climate

Change Law



https://www.planetarytech.com/science/planetarys-oae/
https://www.ebbcarbon.com/

Rivers and Harbors Act

Governed by the Army Corps of
Engineers

Structures that modify or interfere with
a navigable waterway

Could be applicable to OAE
depending on the project
* Could be relevant in constructing
facilities
» Especially relevant to seaweed
cultivation

ACE can issue combined RHA and
CWA S.404 permits

Sabin Center
for Climate

Change Law




State Regulation of mCDR

MPRSA
CWA

« Water quality standards

» Water quality certification
Coastal Zone Management Act

« Coastal zone management plan
* Federal consistency certification

State laws - NEPA equivalents (e.g. SEQRA, MEPA)

Sabin Center
for Climate

Change Law




@2 Columbia Law School | COLUMBIA CLIMATE SCHOOL
SABIN CENTER FOR CLIMATE CHANGE LAW

Thank youl!

Sabin Center for Climate Change Law useful links:

Qg https://climate.law.columbia.edu/

© https://www.instagram.com/sabincenter/

@ https://www.linkedin.com/company/sabin-center-for-climate-change-law



https://climate.law.columbia.edu/
https://www.instagram.com/sabincenter/
https://www.linkedin.com/company/sabin-center-for-climate-change-law
https://www.linkedin.com/company/sabin-center-for-climate-change-law
https://www.linkedin.com/company/sabin-center-for-climate-change-law
https://www.linkedin.com/company/sabin-center-for-climate-change-law
https://www.linkedin.com/company/sabin-center-for-climate-change-law
https://www.linkedin.com/company/sabin-center-for-climate-change-law
https://www.linkedin.com/company/sabin-center-for-climate-change-law
https://www.linkedin.com/company/sabin-center-for-climate-change-law
https://www.linkedin.com/company/sabin-center-for-climate-change-law
https://www.linkedin.com/company/sabin-center-for-climate-change-law
https://www.linkedin.com/company/sabin-center-for-climate-change-law
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Seeding Resilience:
Assisted Gene Flow in Eelgrass

Stephen J. Tomasettil, Jessie Jarvis, Stephanie Kamel,
Jonathan Lefcheck, Stephen Heck, Bradley Peterson,
Jamie Vaudrey, Alyssa Novak, Katherine Tanner?,
Rachel Schaefer, Aud”ey Brown, Kari nNa Scavo,

HoII a|sté*d

LUniversity ofJ§ZI‘a*ry aﬁdfasterﬁ“Sh ore ==
Marine, Estuarine, & Enwronmentalﬁe{eﬂ@.; ..s;?I%&@gram Prmcess Arme MD
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Olntroduction Resiliency and Genetics AGF and Common Gardens Next Steps Photo: Kaitlyn O’Toole




Nature-based Solutions (NbS)

SOCIAL
BIODIVERSITY FISHERIES VALUE

CARBON
SEQUESTRATION

QUALITY
ADAPTABILITY

O ntroduction Resiliency and Genetics AGF and Common Gardens Next Steps Refs: Morris et al., 2021



Coastal and marine ecosystem restoration as a NbS
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OIntroduction Resiliency and Genetics AGF and Common Gardens Next Steps Refs: Duarte et al., 2020



Climate-ready adaptive restoration

Oyster reefs' control of carbonate chemistry—Implications for
oyster reef restoration in estuaries subject to coastal ocean
acidification

Stephen J. Tomasetti' @ | Michael H. Doall* | Brendan D. Hallinan? |

JeffreyR Kraemer Jr | ChrlstopherJ Gobler2

a lobal Change Biology WILEY

L —— e

— —

O ntroduction Resiliency and Genetics AGF and Common Gardens Next Steps Refs: Tomasetti et al., 2023



Seagrass Restoration




O ntroduction

Christopher J. Go
Flynn DeLaney’, R
Brooke K. Morrell’,
John M. Carroll?,
Ann Marie E. Famu
Stephen M. Heck ',

Resiliency and Genetics

Rebuilding A Collapsed Bivalve
Population, Restoring Seagrass
Meadows, and Eradicating Harmful

Algal Blooms In A Temperate Lagoon
Using Spawner Sanctuaries

Long-term nutrient reductions Iead‘to the
unprecedented recovery of a temperate coastal region

Jonathan S. Lefcheck®®', Robert J. Orth' ARTICLE

f9
Jennifer Keisman®, Cassie Gurbisz™9, Mic prmsymepmymerssymmpmpmmsre OPEN

Jeremy TestaX, Donald E. Weller", and R

IV AT T VAL MR T I

& frontiers

Frontiers in Marine Science

Isabelle Auby?!, Juan J. Vergara®

Seagrass restoration SUCCESS

Recent trend reversal for declining European
seagrass meadows

Carmen B. de los Santos® !, Dorte Krause-Jensen® 23, Teresa Alcoverro?, Nuria Marba® >,

Carlos M. Duarte® ©, Marieke M. van Katwijk® 7, Marta Pérez®, Javier Romero® 8, José L. Sanchez-Lizaso®
Guillem Roca®, Emilia Jankowska', José Lucas Pérez-Lloréns", Jérdme Fournier'2, Monica Montefalcone
Gérard Pergent!?, Juan M. Ruiz'®, Susana Cabaco!, Kevan Cook16 Robert J. Wnlkes17 Frithjof E. Moy'8,
Gregori Munoz-Ramos Trayter Xavier Seglar Araid'®, Dick J. de Jongzo, Yolanda Fernandez-Torquemada® °

y 11 & Rui Santos® !

9

13

AGF and Common Gardens

Next Steps

Tomasetti / Lefcheck



Seagrass sensitivity to heat

~ Global Change Biology

—

Global Change Biology (2014), doi: 10.1111/gcb.12694

celebrating 20 years A

Extreme temperatures, foundation species, and abrupt
ecosystem change: an example from an iconic seagrass
ecosystem

A
JORDAN A. THOMSON'!, DEREK A.
W.FOURQUREAN!, MATTHEW W.

p TN WILEY
! Department of Biological Sciences, School of Envi

North Miami, FL 33181, usa, 2uwa oceans s TOO hot to handle: Unprecedented seagrass death driven by

Highway, Crawley, WA 6009, Australia, 3Botanic . . .
Avenue, West Perth, WA 6005, Australia marine heatwave in a World Heritage Area

PRIMARY RESEARCH ARTICLE

Simone Strydoml'ze | Kathy Murray3 | Shaun Wilson® | Bart Huntley3 |
Michael Rule! | Michael Heithaus® | Cindy Bessey6 | GaryA. Kendrick? |

Derek Burkholdej | Matthew V:I Fraser’ | Katherine %dun lnfluence of Rising Water

N Temperature on the Temperate
Seagrass Species Eelgrass (Zostera
marina L.) in the Northeast USA

Holly K. Plaisted ™, Erin C. Shields??, Alyssa B. Novak*, Christopher P. Peck?®,
Forest Schenck®, Jillian Carr?, Paul A. Duffys, N. Tay Evans®, Sophia E. Fox?,
Stephen M. Heck?®, Robbie Hudson ™, Trevor Mattera'’, Kenneth A. Moore?,
Betty Neikirk?°, David B. Parrish??, Bradley J. Peterson®, Frederick T. Short 2
and Amanda I. Tinoco*

S WE Y.

Olntroduction Resiliency and Genetics AGF and Common Gardens Next Steps Lefcheck




RCP 8.5 — projected Zostera marina loss

Worst case scenario, by 2100, all
eelgrass will be locally extinct from
North Carolina to New Jersey

.
-

ol

O ntroduction Resiliency and Genetics AGF and Common Gardens Next Steps Lefcheck; Ref: Wilson & Lotze, 2019



Seeding resilience: assisted gene flow in Eelgrass

* Assisted gene flow: move thermally
tolerant plants to areas where we
want to build climate resilience

Introduction ~(QResiliency and Genetics AGF and Common Gardens Next Steps Lefcheck
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Introduction OResi/iency and Genetics AGF and Common Gardens Next Steps



|[dentifying single nucleotide polymorphisms (SNPs)
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Introduction OResi/iency and Genetics AGF and Common Gardens Next Steps




Adaptive potential and adaptive genetic differentiation

Y

Resilience to
temperature stress

Genetic diversity /
variation

{ Adaptive genetic }
adaptive potential

[ Neutral SNPs ] [ |dentify SNPs under selection ]

Introduction OResi/iency and Genetics AGF and Common Gardens Next Steps Photo: Kamel



Preliminary SNP results: C
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Population Differentiation: C

to MA
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MA site temperature associated divergence?

OutFLANK
MK, TNI vs NI, WT 436

OutFLANK groupings q<0.05
MK, TNI vs NI, WT 443

temg

Introduction OResi/iency and Genetics AGF and Common Gardens Next Steps Figure courtesy of A. Novak, S. Kamel



Seeding resilience: assisted gene flow in Eelgrass

e Common Garden Experiments: seeds
sourced from local and outsourced
populations are grown under the same
conditions to assess differences in
performance

Introduction Resiliency and Genetics O AGF and Common Gardens Next Steps Lefcheck



Common garden implementation and monitoring

)

Introduction Resiliency and Genetics O AGF and Common Gardens Next Steps




Partners experimenting across five National Seashores

NATIONAL ‘
sEroce oF
(! Cape Cod N BosToN
5 National Seashore =f| UNIVERSITY
| %@ |
@@d Fire Island ‘\\\\
National Seashore Stony Brook
8 University

8 Assateague Island
National Seashore
o

HBCU i 1886

UNIVERSITY oFr MARYLAND
EASTERN SHORE

Cape Hatteras / Cape Lookout
National Seashores

Introduction Resiliency and Genetics O AGF and Common Gardens Next Steps



Experimental Design

o ® * Select2-3local populations from each seashore
i o7

(é’ e Shifting windows approach: populations dispersed
P2 Co within a restricted window to prevent “transplant

PC shock”

Fire Island

1 seashore immediately north and 1 seashore
immediately south

Assateague
IsIand Assateague Island
Natlonal Seashore

Cape Hatteras

Introduction Resiliency and Genetics O AGF and Common Gardens Next Steps



Katie Tanner - Tomasetti Lab

Next Steps
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Seeding Resilience: Seed quantification

Introduction Resiliency and Genetics O AGF and Common Gardens Next Steps Katie Tanner - Tomasetti Lab



e

Seeding Resilience: Seed transfer and storage

. \
‘ \

L Davis Isl., NC ' Ocracoke, NC | | Gullls

Introduction Resiliency and Genetics O AGF and Common Gardens Next Steps Katie Tanner - Tomasetti Lab



Next steps

* Implement common garden experiments, monitor performance

* Assess success and identify source populations for future iterations

* Review regulations and define permitting process for non-federally managed waters
e Cultivate resilient genotypes on a large scale (e.g., nurseries or farms along the coast)

e KT: Quantify carbon sequestration across a latitudinal (~ temperature) gradient and
degradation sequence

Introduction Resiliency and Genetics AGF and Common Gardens O Next Steps Lefcheck / Tomasetti



UMES Coastal Environmental Science Lab / Partners
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My contact information

Stephen Tomasetti

UMES

sitomasetti@umes.edu
https://www.tomasettilab.org

Introduction Resiliency and Genetics AGF and Common Gardens O Next Steps
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.- Other SERC-based Coastal Carbon Network team:
Andre Rovai, Jaxine Wolfe, Jim Holmquist, Rose Cheney

Pat Megonigal, Hannah Morrissette, Steve Canty, Abby Lewis



Blue Carbon as a Nature Based Solution

© Seagrasses

Mangroves
- \

v/ vﬁ(' \ |
[/ l,r ol
/p Vi \\s |
Q178 /

P

AN =
bt B S
- N Sy

oL Large amounts of carbon are stored in ===

i the soil of coastal wetlands

N |

Gt oo o e, Blue Carbon

coastal wetlands

CH, CO2 Photosynthesis pulls in C 02

carbon and some returns
through respiration . )
Estuarine carbon is
deposited into coastal
habitats by tides/waves
ShER A R
)
L
! \ \}\)
") f )\N ) f P Muddy sea floors form
! reservoirs of carbon made
" Ay from detritus falling from
MR above
|

Carbon is deposited belowgroundl}v
roots and from the accumulation of dead leaves
that do not decompose quickly in wet conditions.

e Carbon crisis? Let’s understand and preserve ecosystems that store carbon efficiently.
e BC: carbon captured by the world’s ocean and coastal ecosystems, less GHGs to the atmosphere (mitigation)
e Coastal wetlands like mangroves, seagrasses, salt marshes, and macroalgae are commonly accounted for C

sinks, but can be threatened.

CASC,
USGS 2024



Blue carbon ecosystems services not limited to mitigation

: y PURIFICATION
CLIMATE REGULATION FL Worthington et al., 2020

NbS: interventions that use nature and the natural functions of healthy ecosystems to
tackle some of the most pressing challenges of our time. -WRI




What is the Coastal Carbon Network?

Our goal is to accelerate the pace of discovery in coastal carbon science by serving a global
community of researchers and practitioners with access to data, synthesis opportunities, and
analysis tools.

How?

e Fostering a community dedicated to coastal
wetland carbon science for basic research, policy
development, and management.

e Exploring the ecological links between coastal
wetlands, estuaries, and the atmosphere.

e Co-development of data and analysis tools that
support the diverse needs of scientists, policy
makers, and managers.



The Coastal Carbon Data Library & Atlas

Provides publishing services and maintain an archive of open-source data, called the
Coastal Carbon Data Library.

The Coastal Carbon Atlas enables users to explore, query and download data from
the Coastal Carbon Data Library.

16,143 soil profiles across
11 habitats

70 countries

Collected across 64 years




CCN data contributions — GHG inventories

Leveraged the data library to inform the 1990-2022 National GHG Inventory

]J. Wolfe, J. Holmquist, Silvestrum Climate Associates

; _ e Integrated soil carbon sequestration rates from new studies across
SEPA P 4 e & land use categories and climate zone for vegetated coastal wetlands.
s recion ' e “The updated synthesis resulted in a general increase in soil carbon
| accumulation rates for estuarine emergent and scrub/shrub wetlands,

which resulted in an annual average increase of removals of 2.3

EPA 430-R-24-004

Inventory of

eI anPoLgs Gaa MMT CO, eq. For the entire time series.

Emissions and Sinks
1990-2022 Table 6-70: Annual Soil Carbon Accumulation Rates for Vegetated Coastal Wetlands (t C ha?
yr)
Climate Zone Cold Temperate = Warm Temperate Subtropical Mediterranean
Palustrine Scrub/Shrub Wetland 1.010 1.544 0.45 0.845

Palustrine Emergent Wetland 1.010 1.544 0.454 0.845
Estuarine Forested Wetland N/A N/A 0.821 N/A
Estuarine Scrub/Shrub Wetland 1.254 1.039 0.821 0.845
Estuarine Emergent Wetland 1.254 1.039 1.587 0.845
Source: All data from CCRCN (2023)%%; N/A means there are no estuarine forested wetlands outside of subtropical regions.




CCN data contributions — research for regional stocks

Blue Carbon Stocks Along the Pacific Coast of North America Are Mainly Driven by Local Rather than
Regional Factors

C. Janousek et al., Global Biogeochemical Cycles (2025)

e Sediment organic carbon stocks were
greatest in woody tidal wetlands.

e Unvegetated tideflats store much greater

sediment carbon stocks

e Most stocks variability was explained by

local-scale drivers (e.g., elevation) rather

than large-scale climate gradients

2 - Southen

. |

™ Semiarid Highlands

— 13 - Temperate P 3
usis'ras

i © G\ E —> management implications and anticipation of habitat

change to stock efficiency



CCN data contributions — Evaluating global coastal settings + stocks

Using publicly accessible datasets to evaluate the impacts of geomorphic setting on blue carbon storage
across the seascape

Tamalavage et al., in prep

Mangrove SOC across sedimentary settings

e Mangroves in carbonate sedimentary

settings hold more soil organic carbon.

e Seagrasses near carbonate coastlines

B TErngenous

hold less soil organic carbon.

e Loss on Ignition organic carbon data is
still useful when evaluating global-scale

patterns of soil carbon.

All ecords Lagaan{W)




CCN data contributions — help develop Nationally Determined Contributions (NDCs)

Including coastal wetlands into Nationally Determined Contributions, determined by in-country needs

Hannah Morrissette & Steve Canty, Marine Conservation Lab, SERC

data manage

7"5?&

A )

nvestment, cial‘ cological support (Grimm et
al. 2023/2025, Bonilla et al., 2025




Building Inventorying Capacity
through Data Stewardship

Through targeted outreach and data discovery efforts, the
Coastal Carbon Network has worked to help increase
representation of available inventory-supporting data for
countries.

Ghana, n = 36 1
Congo DRC, n =2
Cameroon, n = 4 -
Dominican Republic, n = 9 1
Palau, n =5 A
Micronesia, n = 55 A
Belize, n = 89 A
Honduras, n =184
Ecuador, n = 15 1
Cambodia, n = 131 1
Indonesia, n = 612 1
Kenya, n = 61 A
Panama, n = 84 -
Singapore, n =14
Guadeloupe, n = 24
Bangladesh, n = 10 1
Vietnam, n =175+

El Salvador, n = 28 1
United States, n = 20
Costa Rica, n = 160 -
Senegal, n = 36 -
Mexico, n =59+
Thailand, n = 154 4
India, n = 284 -
Australia, n = 33 1
Madagascar, n = 83
Mozambique, n = 251 A
Brazil, n =114 4
Malaysia, n = 14
Cuba,n =14

South Africa, n = 8 1
French Guiana, n = 5 A
Tanzania, n = 96 4
Guinea-Bissau, n = 34
Philippines, n = 20
United Arab Emirates, n = 62
New Zealand, n = 3
Angola, n =1+

Iran, n = 93
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Dashboard

About

"(Y . o o
\Welcoma to the Coastal - + L ® OSM (default) Global Stocks Country Stocks Habitat Area Data Availability
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;v v Coban = Voot
4 Shueiengo Salama . ... Leaflet | © OpenStreetMap contributors, CC-BY-SA
mangrove marsh seagrass
Habitat Type
Detailed Insight Stocks Table
Carbon stocks estimated for tidal wetland ecosystems in Belize
Habitat Habitat Area (ha) Mean Soil Stock (MgC/ha) Mean Biomass Stock (MgC/ha) CO2 equivalent (Tg) Reporting Tier
mangrove 56776.7 431.89 (+34.9/-34.9) 73.47 (+/-6.15) 89.99 Country-specific value
marsh 6846.64 255 (+42/-1) 6.41 IPCC global value
seagrass 484784 108 (+31/-24) 192.15 IPCC global value




New tool from the CCN can help inform decision-makers

Welcome to the Coastal
Carbon Inventory Tool!

Select a geography

Belize v

Reset map to world view

Please direct any questions
or suggestions to
CoastalCarbon@si.edu
;@")3
@y

Dashboard

@ OSM (default)
O cartoDB

Samples

Border

- Qrange Walk /
| District Bel@
Ove
) Bel ® V.
S Gl ] Belize
o ®
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L ‘®
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i i o Y
v e Trujillo
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Cobén Ye
0 oro
ehystariEngo Salama ..., Leaflet | © OpenStreetMap contributors, CC-BY-SA
Detailed Insight Stocks Table

& Download Report

Insight about data available for selected country.

Report includes methodology and
citations for all underlying data sources.

Global §
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Detailed Insights: Belize
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Total Carbon Stock Estimates . .. ........................ . ..., 1
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‘Welcome!

You have reached the CCN Inventory Tool Detailed Insights Report.
Congratulations! This geography has available data.

Potential data availability within the Inventory Tool ranges from Tier I, Tier II, or Tier III Carbon stock
estimates.

This document includes country-specific insights and more detailed analysis, including carbon stocks, emis-
sions factors, and ecosystem wetland area for mangrove, marsh, and seagrass habitats. This report details
information for the selected geography, Belize.

Explore the rest of the dashboard for more exciting visualizations, map features and data.

o

Resources r d to calcul i for Belize are listed below under ‘References’ at the end of this

document.

If you have any questions or data you would like to add to the Coastal Carbon Network, please reach out to
us at CoastalCarbon@si.edu.

Total Carbon Stock Estimates

Total Carbon stock estimates were calculated for each geography in total, and for mangrove, tidal marsh,
and seagrass habitats when available.

We estimate that Belize contains a mean estimate of 2.6267 x 107 metric tonnes soil Carbon.

We estimate that Belize contains between 3.06339 x 107 to 2.19002 x 107 metric tonnes of soil C to a depth
of 1 m, with a meg= ~~timnin ~£ 0 2087 . 10T inin bonn ~

Compiling list of stakeholders for demo,

let us know if inlerested



Multi-stakeholder engagement is impactful

Academic
Ecological [
Knowledge

reciprocal
knowledge
sharing

Traditional
Ecological [k
Knowledge

Morrissette for Macreadie et al., submitted

provide validated
data, path to
implementation

expand capacity for
sustainable efforts

provide priorities,
background
information

Effective Policy
& Management
for Coastal

Conservation

locally informed,
scientifically applied

NbS: interventions that use nature and the natural functions of healthy ecosystems to
tackle some of the most pressing challenges of our time. -WRI



Considering coastal wetlands is great, complex

coastal vEe!&ElBsY seruEegelsenough 728FTCOONANI-ES
(0; to offset the burning of over
] BI I_I_lo N emissions are offset by

BARRELSOF OIL < SNEHECTARE

COASTAL WETLANDS
ARE SMALL BUT MIGHTY

Although they cover less than 1%
of the ocean they
store over 50% of the seabed’s

rich carbon reserves

TNC Mapping Ocean Wealth, Ben Fertig
IAN UMCES

Coastal wetlands are

THE ONLY HABITAT

that can continuously sequester
and store carbon in soil

FOR MILLENNIA

Insome areas

ONE HECTARE OF SEAGRASS

CAN STORE 2X
THE CARBON

captured by an average
terrestrial forest

Evaluation
Conservation/Protection
Restoration

Establishing baselines

.. or carbon + many ecosystem

services!



The CCN can help to achieve various goals across different interests

ulimw Habitats within the CCN atlas: algal mat, mangrove, marsh, microbial mat,
ib mudflat, sabkha, scrub/shrub, seagrass, swamp, unvegetated, upland

More in the future? TamalavageA@si.edu



Making Blue Carbon Count: Incorporating Coastal
Wetlands into State Climate Response

MACAN State of the Science Workshop

July 15, 2025 Pew




Introduction to The Pew Charitable Trusts

* Founded in 1948
Nonpartisan, evidence-based approach
Government performance, health, environment
US environmental work
o Energy Modernization
o U.S. Conservation
o Cross cutting international — US work e.g.,
plastics
Pew & blue carbon
o International work — climate goals (NDCs)
o US work —state climate planning, blue
carbon network, peatlands
o Targeted research, data driven policy
advocacy, outreach/communications




Leveraging Nature for Climate Action

Natural and Working Lands Remove 12% of Gross U.S. GHG Emissions (2019)

US Totals
ECONOMIC SECTOR Py 2 . g .
Emissions VMTCO, 0. Sequestration
7.000
Waste Treatment, . =
Industrial Processes, 6,000
Agriculture,
5,000
4,000
3,000
Energy, 5,392.0
2,000
1,000
0
Natural and Working
Lands, - 76897
1,000

Source: EPA, 2021 WORLD RESOURCES INSTITUTE




Nature is not the silver bullet BUT has to be part of the solution

* Climate-fueled impacts — fire, drought, sea
level rise — erode the stability of our carbon
sinks

* Forests may become a net source of
emissions

e Peatlands may flip from sink to source

* Coastal wetlands are vulnerable to sea level
rise

e Action is urgently needed to —

* Protect natural carbon sinks from
development, other disturbances
» Restore degraded habitats wherever
feasible
* Build resilience to climate impacts
* Marsh migration zones

* “Agood resilience strategy is a good blue

carbon strategy”




Natural and Working Lands & Cimate

B

Land management: farms, ranches, grasslands, forests, wetlands

Manage for multiple benefits: reduce carbon pollution, clean water, provide
flood protection and more

Reduce carbon pollution (e.g., restore degraded landscapes, improve ag
practices)

Avoid carbon pollution (protect existing carbon sinks from conversion)

Expand natural carbon sinks (restoration)




Blue carbon habitats as part of Natural and Working Lands

* Need/opportunity to elevate tidal
wetlands/seagrasses

* Need to understand (measure) climate impacts
(estimates of stocks, fluxes)
— Tidal wetland/seagrass extent
— How they are changing over time e.g., tidal wetland to
open water
* Multiple benefits
— Coastal protection

— Food, biodiversity, culture

A STRATEGY TO ADVANCE P _ ; ; i
NG E G IE ST ATICN SAV & localized amelioration of OA

ON NEW JERSEY’'S NATURAL . . .
AND WORKING LANDS e Opportunity for new policy commitments,

funding

* Growing # of states incorporating blue carbon
into NWL plans

— Leadership from Mid Atlantic States




Blue Carbon Policy Progress (non exhaustive)

North Carolina
» Blue carbon inventory, NWL action plan
» S30 million from CPRG

New Jersey

» Nature-based targets for wetlands, aquatic habitats
included in NWL strategy

Oregon

» Blue carbon inventory

» Climate Action Commission NWL roadmap

» Natural Climate Solutions Fund
California

» Nature-based targets for wetlands, aquatic habitats

» Blue carbon habitats eligible for funding under $10
billion “Climate Bond” passed in 2024

Washington

» Dept. of Ecology developing blue carbon inventory,
incorporating Tribal Knowledge

» Exploring carbon offsets

Restorafion " -
Wetland Protection imize odegle ety
6 Protect tidol weflond migration zones . _ Jarafon
AQUATIC HAB"ATS

AV density and health vith ongoing

Monitoring \
moniforing
i n o Limit to 10%
Conservation AQD  Protect eisting SAV from furher loss No net loss
056
‘APr‘r lto be quantified after Wil R
Restoration Q3 baseine s uodee ‘ N Wihin 3 years  Expand program
aseline via monit Ya




Sdence and data to support states - model inventories

Blue Carbon inventories: to what
extent do state blue carbon habitats
currently remove or emit GHGs?

» Inventories are retrospective — provide
“middle of the road” estimates of GHG
emissions and removals over time (e.g.,
1990-2023), can be used to track
impact of management actions towards
climate goals

IPCC guidance, tiers 1-3

Oregon, North Carolina, Maryland have
completed inventories

YV VYV

» California, Washington, New Jersey - in
process

> Others?

Activity
Data

Emission

Emission
Estimate




Sdence and data to support states - PNW dedsion support tools

Blue Carbon Heat Map: What are the carbon benefits of protecting & restoring
specific coastal areas?

>
>

>

>
>

Pilot tool developed for Oregon Yaquina estuary

lllustrates areas where tidal wetland protection & restoration would help maintain and/or expand
blue carbon sequestration & storage and reduce GHG emissions

Explore current habitat types, blue carbon emissions/removals, locations already undergoing
restoration, areas with potential for restoration

Workflow: Explore the map through popups & filters

Final product: areas to explore for further restoration & data that could be used as input for
calculator

Blue Carbon Calculator: What are the GHG emissions & removal impacts of specific
land actions in coastal wetlands?

>

Online tool to assess acre-by-acre land actions, as input by the user, and applies regional emissions
factors to estimate the direct GHG impact.

Region: PNW generally
Workflow: Spreadsheet or online data entry
Final product: Report of action-specific emissions over 0-100 year time period (coming soon)

Pew



https://hub.oregonexplorer.info/apps/75cf9f7e53f54f348dccaf0548fe1d99
https://hub.oregonexplorer.info/apps/75cf9f7e53f54f348dccaf0548fe1d99

PNW Blue Carbon Working Group

Blue Carbon in Yaquina Estuary

+ Find address or place m
: % Newport

GD Heights

Newport

Habitat Type
. Scrub-Shrub Wetland
. Emergent Wetland

. Forested Wetland

. Aquatic Vegetation Bed
Holiday
Eelgrass Beach

- Agriculture

Agriculture and Buildings

12km |

1. Enter a project name Scenario 2

Range 2
0.5 -5.0PSU

2. Select a salinity range for the
project site

3. Select an elevation for the
project site

Below MHHW

Sustained Global LE R E T T
Warming Potential e

[Default]
s 0 0 N wand Disturbance

4. Select method for calculating
CO2 equivalents

Physical Setting
Wetland area to
bediked & | Viore
Location Hydrology Land Cover Category drained
(acres
Tidal Forested Wetland
Tidal Scrub-Shrub Wetland
Tidal Wetlands Tidal
Open water
Reed canarygrass
Wet
Non-Tidal
Dry
Dry Cropland
Total: 0.00




Science and data to support states

States Improve Blue Carbon Data
Update of inaugural 2021 blue carbon report card finds 91% of states increased

SERC cOastal Ca rbon Atlas data quantity, 70% improved quality
» State Blue Carbon Report Cards (updated
August 2024)
» Carbon Accumulation Rate work flow
(report winter 2025)

» States can use to estimate stocks &
sequestration rates for blue carbon

inventories
B Highest
Freshwater wetlands & carbon -
Nodata

» National map of peatlands (CONUS)

Note: Rankings reflect composite averages derived from quantity, quality, and spatial and habitat coverage

> Sta te can use to p r | or |t ize (0] p p (0] rt un |t| es of soil carbon data, from the Smithsonian Environmental Research Center’s ‘Coastal Carbon Atlas,’ as of
. . . July 2024
fO r p rOte Ct on ’ re Sto ra t on & associ ated Source: J. Wolfe, Smithsonian Environmental Research Center, “State of the Data: United States Blue

Carbon Data Report " (2024).

climate benefits ,
©2024 The Pew Charitable Trusts



https://serc.si.edu/sites/default/files/pictures/BiogeochemistryLab/CoastalCarbonRCN/Other/ccn_database_v1.2.0_report_us.pdf?189
https://serc.si.edu/sites/default/files/pictures/BiogeochemistryLab/CoastalCarbonRCN/Other/ccn_database_v1.2.0_report_us.pdf?189
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Sylvia Troost - Stroost@pew

i\
)

.;;QWM)&'\‘M\M(M \‘.M&:m ll., |

Pew


mailto:Stroost@pewtrusts.org

P )V e ey

e S "'.?







Nutrients and Carbonate
Chemistry Assoclated with

HABS

Emily R. Hall, Ph.D.
Senior Scientist and Program Manager
Mote Marine Laboratory




Precipitation
—> Nutrient flux « Drives elevated

freshwater influx
-3 Freshwater flux /

meshp CO: flux
—> POC, DOC, PIC, b \
or DIC flux A;!- : l l co,
Oceanic
5 O,
@0 uptake
Estuarine
CO; uptake
DIC, DOC, CDOM, .
POC, Nutrients, Marsh CO, @ Enhanced Exchange with
1SS N export diel cycles coastal ocean
— = ——— — —(CaC0; —==<= e =
Riverine inputs precipitation? - Net photosynthesis
- Reflect watershed change Biotic >~ °*° in surface water
» High in CO, precipitation « Mixing with well-
- Poorly buffered Net respiration CaCO, buffered seawater
- Deliver nutrients to drive eutrophication Carbon and in deep water dissolution  « Upwelling of cool,
- Transport organic carbon from forests, farms, and rivers Nutrient and sediments  (buffers pH)  high-pCO,, low-pH ‘
Transformation water

h. Cai W-J, et al. 2021
¥ Annu. Rev. Mar. Sci. 13:23-55

&
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Carbonate Chemistry - Ocean and Coastal Acidification
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Global temperatures Atmospheric CO,

Acidification and HABs as co-
. stressors
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| HABs are intensifying in parallel
| with climate change (warming,
hypoxia, acidification)

] Large amounts of organic

| | matter associated with algal

I blooms can stimulate microbial
- respiration that depletes DO
and produces CO, promoting
hypoxia and acidification

Aquaculture
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Diurnal patterns, DO and pH
S — lowest at night and deeper,

Increased organic matter——— Increased | respiration ——— Hypoxia, acidification vertical migration to bottom,
M more stressors on benthos

HABSs, vertical migration
L2 ?i

Griffith and Gobler, 2020 Benthos and submerged aquatic vegetation
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“Florida Red Tide”

* Mostly Karenia brevis & brevetoxins
* Natural occurrences dating back centuries

* Blooms form nearly annually along SW FL
coast

* Blooms start 10 - 40 miles offshore, away
from the direct influence of land-based
nutrient pollution, but once moved inshore
blooms can use both human-contributed
and natural nutrients for growth

* Cooperative effort between Mote and
FWRI/FWC

* Other efforts with USF, FSU, FGCU, NOAA,
USGS, EPA, TBEP, CHNEP, SBNEP

vy

! || ' Gulf of Mexico
"1y Loop Current " '\

@)

[
@.

4.

®

A
SR
=
o
%

86 85 84 83 82
Longitude ("W)

81




Estuaries . } |

I |e

® Large open water
estuary

e Urbanized

e Nutrient management
planning

e Ephemeral acidification
events

Beck et al., 2019; Greening et al., 2014; Tullis-Joyce & Roy, 2021; Yates et al., 2023; Durr et al., 2011; Heil et al., 2014; Osborne, 2018;

Weisberg et al., 2019; Turner et al., 2006; Liu et al., 2009; Qiu & Wan, 2013; Dixon et al., 2014; Sun et al., 2016; Doering
1999; Steinman et al., 2002; Rumbold & Doering, 2020
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Large estuarine lagoon with barrier islands
Nitrogen-limited system
Increased nitrogen loading

® Subtropical riverine
estuary

® Physically altered

® Declining water quality
® Larger freshwater
output
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Showed distinct acidification
events occurred during or after
K. brevis blooms & connections
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3000 between bloom growth &
. changes in water chemistry
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This information is preliminary and is subject to revision. It is being ¢
provided to meet the need for timely best science. The information is
provided on the condition that neither the U.S. Geological Survey nor the <
U.S. Government shall be held liable for any damages resulting from the
authorized or unauthorized use of the information
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..including those

associated with

Karenia brevis bloom!
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== Sensor data analysis

identified 32 distinct
acidification events &
potential drivers over
oyrs from 2017 to
2022.

These data help us
parameterize pH and
other variables for lab

experiments.
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TA/DIC Curves & Net Community Calcification/Production

Change in nTA and nDIC due to photosynthesis,
respiration, calcification, & dissolution
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TA/DIC Curves

Tampa B i
ampa bay Charlotte Harbor Caloosahatchee River
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-LECTION

- Localized eutrophication and acidification might amplify
patterns of harmful algae

- There Is evidence of Iinka%es among seasonal variability in

the carbonate system, K.

revis blooms, and other

environmental influences

- Studies show that photosynthetic responses to acidification
might be small, however the growth and termination of a

HA

can intensify

events

or even cause localized acidification

- Future directions: long-term data sets of higher resolution
time series observations to fully understand the drivers an

evolution of nutrient impacts and acidification
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Mid-Atlantic Coastal Acidification Network
M ARCQ PE TS o=
Planning tools for identifying
locations at risk for acidification

~Janet J. Reimer, MARCO
Kirstin Wakefield, MARACOOS
Teresa Schwemmer, MACAN

Carly LaRoche, MACAN



MACAN Provides Actionable Information

MID-ATLANTIC OCEAN
DATA PORTAL

Every map tells a story.
We help you tell yours.

Take a quick tour of this state-of-the art ocean
mapping and information resource



https://portal.midatlanticocean.org/

How do we link biological responses and water chemistry
together to form one metric?

e Biological Metrics

o Species Survival

o Species Reproduction

o Population Size
e Water Chemistry (Carbonate) Parameters

o pH

o Aragonite Saturation State - calculated from regional data
e Acidification vs Acidic Events

o Seasonal, sporadic, long-term



pH Threshold At Which Mortality Occurs For Various Life Stages Of Mid-Atlantic Species
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Oceanographers, Scallop Biologists, Ecologists, Social Scientists, Managers, Industry Partners

Meet the multidisciplinary project team

Lisa Colburn / F W 2 David Bethoney
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Victoria Thomas

FIShInCI mdustry feedback is a core component of

the success of this project [ ﬁm |
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Percent of Decadal Mean Landings Value

Changing conditions threaten coastal
shellfish harvest in the region

1007

' » LOBSTER, AMERICAN

*SCALLOP, SEA

= Other
o ® HERRING, ATLANTIC
®CLAM. SOFT
0% # OYSTER. EASTERN : Warm Core

= COD, ATLANTIC

# SQUID, LONGFIN LOLIGO

= GOOSEFISH

= HADDOCK

®CLAM, SURF, ATLANTIC

= CLAM. QUAHOG, NORTHERN
= POLLOCK

20% ®CRAB, JONAH

10%

Cold Core
Ring

e

1958-1968 1968-1978 1978-1988 1988-1998 1998-2008 2008-2018
($524M) ($714M) (S951M) (S905M) (S999M) (S1184M)

Decadal Mean Landings Values (Inflation Corrected to 2013)

(From Siedlecki et al. 2021,
updated from Gledhill et al. 2075)




CO, & Climate
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Planktonic larvae

®

_ M
Reproduction

&
Recruitment

Adult growth over time

D

Adult

ortality

Demand &
Fuel Costs

Harvest

N\

Management

o

(Rheuban et al. 2018)

The Atlantic sea scallop
fishery is the 2nd
highest valued in the
U.S. ($360M in 2023)

Sea scallops live for a
long time — up to 20
years, with first spawn
at age 2

Adults grow for a long
time — 4 to 5 years until
harvest size currently



Fishery already seeing changes

Shlft in biomass north into New Management timeline and annual scallop landings (Ibs)

England observed over many = Rotational area mgmt;

biomass peaks April 1 start
10
decades First FMP; Scallop \,\

i Given recent changes & emerging multi-stressors,
what does a resment scallop flshery Iook like?

VIC Ccloses areas with a 10t O

!

!
small, fast-growing sea scallops to - /
protect them - permits

and IFQ AMs

~ bt O &0 o ~ < D o) (=3 -~ < D & (=1 o~ - @O 0 © «~

This boosts sea scallop meat yield A 4443449488878 8SK N~ & 8 R
. ) Mid Atlantic New England  e» es e Combinad
& yield per recruit (Hart 2003)

https://www.fisheries.noaa.qov/foss/f?p=215:200:16215374987733:Mail::::



https://www.fisheries.noaa.gov/foss/f?p=215:200:16215374987733:Mail::::

How do we plan to achieve this?

Generate
management

guidance
Workshops

and 1:1 Quantify and
conversations project local
4 ocean
change

Simulate

Advisory B change in
Committee - INE scallop
‘ A growth

' Determine

community
adaptation
options

Examine risk
to
communities




2021-2025: orkshops & Interviews

. Gulf of Maine

v | New Bedford,

" — Massachusetts

Industry input has

’ - S been important!
g s Point Judith, . 12 workshops

ANy Ny A Rhode Island with 104 participants
. 02 interviews

Elephant Truck

— Barnegat Light,
Mid;}i;::mic NeW JerS ey

Delmarva

" 7 Newport News,
, Virginia
"'



Perspectives from the scallop fishery

“Science has a role. Regulations have a role.
And managing has a strong role. And
hopefully we can be good stewards. That’s
my goal.”

- New Bedford, MA

“If we're dealing with ocean acidification let’s
start to get some ideas of what's where. And
then what's it like next year? Is it changing?
Is it moving? Is it getting worse in that
area?’

- Barnegat Light, NJ




Natural Science tools applied to the issue — Models

Ocean Conditions Scallop

Historical trends & projections using NWA-ROMS B|o|ogy

Dynamic Energy
Budget Model

Assimilation Resplratlon +
of Food Excretlon

A\

Growth rates

Maps of projected growth
(maximum size & age at harvest size)




Simulations reveal spatial variability & future changes in max
size and age at harvest size that can inform rotational closures

43.5°N

42°N

40.5°N

39°N

37.5°N

36°N

2080-2095 - historical

AN

—— Management area

76°W

74°WN 72°W 70°W 68°W 66°W

N

B
Delta Maximum Shell Height (cm)

(00)

43.5°N

42°N

40.5°N

39°N

37.5°N

36°N

2080-2095 - historical

Delta Age at harvest size (yr)

76°W

-4
—— Management area
-6

74°W 72°W 70°W 68°W 66°W

Changes driven by both warming & OA

Berger et al. (in prep)



New Bedford has become a primary landing
port even if their home port is elsewhere

An increasing percentage of
the trips landed in New
Bedford are being made by
vessels that have a home port
elsewhere but use New
Bedford as their primary
landing port (red line)

Port Linkages for New Bedford as Landing Port

—=Both Homeport & Primary Port ===Primary Port Only
—=Homeport Only Neither

100%
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50% \=\
40%

30%

20% ’\/\_

10%
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Takeaways from our research and conversations/
workshops overall

o 0w N

N

. OA variables affect scallop growth in concert with temperature and food
. Current rotational management decisions are informed by observations

and models that do not consider environmental information - including
temperature, ocean acidification variables, and oxygen

Industry is eager to help and interested in collecting observational data
Catch is moving north and so are landings despite home port locale

. The fishery is motivated to act and asking what they can do
. Subsurface real-time observations are possible but currently do not occupy

rotational management areas

. Warm events are increasingly common and tend to occur in late

summer/early fall



What does a resilient scallop fishery look like?

(Neil Burdick / Burdick Creative lllustration)
Siedlecki et al. (in prep)



By trying to define what a resilient scallop fishery looks like and
thinking about what the fishery could do based on these takeaways,

we developed recommendations for building resilience into
management and discussed them at the 2024 workshops

1. Rotational management informed by observations and models

2. Industry engaged in collecting observations

3. Days at sea clock flexibility to sustain coastal infrastructure in key ports

4. Scallop enhancement in select areas informed by observations and
models

5. Adding ocean acidification and oxygen variables to the SAMS model

6. Augment rotational management areas with real-time observations

/. Alter the seasonality of the fishery - reconsider fishing during warmer
months




Industry feedback on management recommendations

Potential management recommendations

Rotational management informed by
observations and models

Industry engaged in collecting
observations

Days at sea clock flexibility to sustain
coastal infrastructure in key ports

Scallop enhancement in select areas
informed by observations and models

Adding ocean acidification and oxygen
variables to the SAMS model

Augment rotational management areas
with real-time observations

Alter the seasonality of the fishery -
reconsider fishing during warmer months

Agree

 ——

Disagree

N =14
87.5% response rate

*more disagreement in
Barnegat Light than New Bedford

Inglis et al. (in prep)



measures for fishing year
(sometimes 2 years out)

2024 Workshops

Example Timeline for the Scallop Fishery

April
NEFMC sets specifications and

May-August September
Fall ECOMON -
Survey of Scallop @ . SLIVEY
. which happens 4xs a
Biomass _— analyzed
(o] ® Fall Trawl Survey 9

New England
Fishery Management
Council

NOAA state of the Ecosystem
delivered; RSA share day

’gen: ially  Siedlecki et al. (in prep)

!
"(

-~

&
April-September
Prime fishing season

and observing by the
fleet

R A

H Y

September
Seasonal and multi-

annual ocean forecasts
ideally generated

September/October
SAMS model run and
environmental information is

Nov/December
SSC meets and advances
Framework adjustments for
following year which take
effect in April



Conclusions

This process was iterative -along the lines of co-production of knowledge
o 4 years of workshops

We communicated the latest science to industry and industry shared their concerns

as part of the workshops

We developed responses to their concerns with robust data and analysis

Together, end-of-century warming & OA are predicted to cause slightly faster scallop

growth but smaller maximum size

The cold pool and deep Gulf of Maine may serve as thermal refugia

Landings moving north are complicated by primary land ports moving north as well

despite home ports residing elsewhere

Industry was interested in making environmental information more available and

accessible to the industry and management by increasing monitoring by the fleet

itself and adding real-time observing to rotational management areas

These actions may increase flexibility in the management process which is important

to be more responsive or adaptive to emerging events

; Ly | - ‘ A . ~
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Extra slides



Fraction of Revenue

How much do different ports rely on scallops?

Less Reliant Increasing Reliance Always Reliant

Point Judith/ New Bedford, MA Newport News, VA
Narragansett, Rl
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Are future changes driven by warming, OA, or both?

Warming Effect 2080-2095 OA Effect 2080-2095

Warming effects range " = -

from positive in the g # iz
37.5°N 37.5°N - —4

T T
o N > o)) (o]

Delta Maximum Shell Height (cm)

north to lethal in the j 0 B
south S SNNSLSSSSES US| R SUSSNNSSNSS_

| 6
Sublethal effects of OA  «=» / l4

2 SBigw

are relatively uniform /;é\ | S | I

across the region s | =2 e = e | [
= MA =2
37.5°N 37.5°N DMV ‘
, [/ve —— Management area =4
e S ‘ B Mortality

P, -

76°W 74°W 72°W 70°W 68°W 66°W 76°W 74°W 72°W 70°W 68°W 66°W

Delta Age at harvest size (yr)

Berger et al. (in prep)



MULTISTRESSOR LABORATORY EXPERIMENTS WITH THE
ATLANTIC SURFCLAM (Spisula solidissima):

OCEAN WARMING AND ACIDIFICATION

Daphne Munroe & Laura Steeves

MACA

RUTGERS

New Jersey Agricultural

Experiment Station

HHHHHHHHHHHHHHH
RRRRRRRRRRRRRRRRRR

Mid-Atlantic Coastal Acidification Networ




Widely distributed along the east coast

¢ I;EJQEEALE; IC 4 Cape Hatteras to Gulf of Saint Lawrence

Supports a large commercial fishery

Concentrated in NJ and DELMARVA

New England
Clam Chowder

k.
\ “‘fl‘l‘fv

! % SOUP ¥ 77

42°4

40 Impacted by climate change

Temperature, ocean acidification

38°+

Changing distribution

&
/- Timbs et al. 2019 Mar Ecol Prog Ser

36°4

77.5°W 72.5° 70.0° 67.5° 65.0°

Fig. 1. Tow locations (dots) for the Atlantic surfclam stock assessment sur-
veys from 1982 to 2011. Solid lines delineate the regions of interest (DMV:




OCEAN ACIDIFICATION &
THE ATLANTIC SURFCLAM

Shell

* Composed of two primary layers of crystalline calcium carbonate
* In surfclams, both layers are composed of aragonite

* Low saturation state can impact shell formation and dissolution
(Green et al. 2004,Waldbusser et al. 201 |)

Physiology

* Sublethal impacts are complex, often studied as a function of energy
acquisition and expenditure (Pousse et al. 2020, 2022 )

- Energy gain: Feeding + digesting

- Energy loss: Respiration (metabolic rate), excretion




LABORATORY EXPERIMENT

Research Questions

How does decreasing the level of pH (ambient, medium, low) affect surfclam physiology and growth?

What are the interactive effects between OA and temperature on surfclam physiology and growth?
Experiment 2

Environmental Monitoring

Seawater: temperature, salinity, O,, pH, carbonate chemistry, chlorophyll a, organic content

Clam Physiology

Feeding, and growth rates, shell strength, metabolic rate, gene expression (transcriptomics)

TPCOzl pH




SETTLING TANK

Experiment 1

* Natural diet

* Fluctuations in salinity,
temperature, oxygen,
pH

* pH treatments not
static, but consistent
offsets from ambient pH

J¢¢<¢¢¢

OUTFLOW

EXPERIMENTAL DESIGN




RAW SEAWATER §§ Aglg SETTLING TANK
aa[en Experiment 1
pH H in situ CO,’ Q
Treatment seawater patm) AR
scale)
— Ambient 7.81% 1002.10 £ 1.30 £ 0.272
HEADER TANK HEADER TANK (control) bEE 2l
Medium 7.51 % 2274.74 + 0.62 + 0.09b
0.11b 369.15P
Low

20 + 4293.57 + 0.37 +£0.11¢

C I D
‘ 1289.67¢
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EXPERIMENTAL DESIGN




ENVIRONMENTAL DATA
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Shell strength Biodeposition (feeding & digestion)

BIOLOGICAL MEASUREMENTS

Experiment 1

* Growth:shell & tissue
* Shell strength (N/mm)
* Biodeposition: Feeding: clearance rate, filtration rate, rejection rate...Digestion: absorption rate



pH Treatment ® Ambient & Medium &
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Effects of Ocean Acidification and Summer Thermal Stress
on the Physiology and Growth of the Atlantic Surfclam
(Spisula solidissima)

Laura Steeves "7, Mally Honecker *, Shannon L Meseck * and Daphne Munioe !

Experiment 1

No clear impacts of pH over 6 weeks
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Clear impact of low pH over time
thermal stress at week 6?




Experiment 2
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Experiment 2




Biodeposition (feeding & digestion) Metabolic rate Gene expression
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PHYSIOLOGICAL MEASUREMENTS

Experiment 2

* Growth:shell & tissue, Shell strength

» Biodeposition: Feeding and digestion

* Metabolic Rate: Oxygen consumption

 Gene expression: Transcriptomics - gill tissue °
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No clear impact of low pH at week 6

Experiment 2




CONCLUSIONS & NEXT STEPS

No clear effects of OA on growth or shell strength
after 6 weeks

Despite pH =7.2 & Q = 0.37

aragonite

Reduced feeding and digestion rates after 2 weeks in
medium and low pH treatments

Interactive effect of OA and temperature when
temperature is high

Experiment 2

Examine transcriptomic data




Can we Selectively Breed Atlantic surfclams R
(Spisula solidissima) for heat tolerance? B A

Heat-Selected-17 (HS)
29°C for 6 hours (3 replicates, 3 clams/replicate)

 HS29
T

in favorable
conditions

Dr. Mike Acquafredda

Sea?fr{nt Ay

Non-Selected-17 = : e
Random Control (RC) NJ Sea Grant Consortium Sustalnable Agriculture O

16°C for 6 hours (3 replicates, 3 clams/replicate) Research & Education g



Possibility of surfclam hybrids

Determine whether northern (S. s. solidissima) and southern (S. s. similis) surfclams are capable of
producing hybrid offspring

SCEMFIS

Science Center for
Marine Fisheries \

3ed

NJ Sea Grant Consortium Pure solidissima Hybr|d (simils eggs) Pure similis
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Two deployments
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Mid-Atlantic Eelgrass Carbon Sequestration:

Present and Future Responses to Warming
and Population Decline

Katie Tanner, University of Maryland Eastern Shore R |
Marine-Estuarine EY\\ronmentaI Smence\PhD Student ;L*.: o




Eelgrass (Zostera marina)

Cold water seagrass species

Dominant in northwest Atlantic, polyhaline
regions of Chesapeake Bay

Numerous ecosystem services
e Water clarity improvement
e Sediment stabilization
e Erosion protection
e Nursery habitat, scallop habitat




Carbon Sequestration

o Blue carbon ecosystem: nature-based
/' 5

/\) ro— solutlon,. managemer)t.and carbon
(O accounting opportunities

k/

Salt Marshes ~50% of carbon sequestered in
eelgrass meadows comes from
Seagrass buries carbon 35X Ou‘tS'de the meadOW

faster than tropical forests

Sediment carbon pool is largest by far




Carbon Sequestration

. Zostera marina
Roots and rhizome network :

e Stabilizes sediment
e Sequesters carbon leaves

Anoxic environment
e Slow microbial decomposition
e Carbon can remain stored for
centuries ~

N\ \ g _rhizome




Thermal Limits

25°C: thermal limit, ideal
temperatures < 25°C

30°C: mortality and large-scale
declines

Percent Change

1501
1001
o
A
50 -
® o
P a
L o
0 . =% o
°
P s
- ® %%
_504
o o * % 0 g
0o
-100+4
18 20 22 24 26 28

Temperature (C)

(Fig 5, Shields et al., 2019)



Carbon Sequestration + Heat?

Several mechanisms
1. Altered energy budgets: plants direct
more energy to shoots than to
rhizome (where carbon is stored)
under thermal stress

Above/belowground biomass ratio

e

R?=0.26
y=0.21x-1.36 °

1
15 20 25 30
Temperature (°C)

(Fig 4e, Clausen et al., 2014)



Carbon Sequestration + Heat?

Several mechanisms < 6000 -

1. Altered energy budgets: plants direct E

more energy to shoots than to
rhizome (where carbon is stored)
under thermal stress

2. Heat induced mortality: sustained
thermal stress causes mortality and

C

Sediment core (g

population decline 1000 1
a. Loss of aboveground biomass = 0
total loss of carbon? Over what
timeframe?

® Meadow
O Unvegetated

5000 -

S
o
o
o

3000 -
2000 -

o O y= 1607x - 65241
O o Adj R? = 0.396

O 0o p=0.001

415 42.0 425 43.0 435
Latitude

(Fig 5, Novak et al., 2020)



Research Question

How will carbon sequestration in mid-

Atlantic eelgrass meadows respond to

thermal stress and subsequent
population decline?







Objectives

Quantify carbon sequestration

across a latitudinal
(temperature) gradient

Quantify carbon
sequestration across a
degradation gradient

Hypothesis: sediment C pool will
decrease as temperatures increase

Hypothesis: sediment C pool will decrease
as eelgrass shoot density decreases



Temperature Gradient Results

Assateague Island, July 9 - August 1, 2024

32

w
S
'

s tsand Max: 30.7°C

Temperature (°C)
n
«©

Max: 31.9°C

26

Max: 32.0°C

Jul 15

Jul 22
Date

Jul 29

*Temperatures from in situ NPS water quality monitoring, July 9 - August 1, 2024




Defining the Degradation Gradient

Maintained or Lost ~50%

increased shoot density
shoot density

Lost 100% shoot density Nearby open sand

No record of eelgrass
Recently unvegetated

se¥ 6y s Iy 10
AL IR




Site Selection Results: Assateague Island

Healthy Partially Degraded Completely Degraded
Tingles Island Wildcat Marsh Verrazano Brldge

2023

[ Very Sparse [ < 10% cover)

[\‘ Sparse (10 to 40% cover)
D Moderate (40 1o 70% cover)
By Oense( > 70% cover)




Space-for-Time Substitution

Healthy Partially Degraded Completely Degraded

2013 2023 2013 2023 2013 2023

R
AL AE

Time (Within a Single Meadow)



Sediment Core Sampling Survey

50cm cores (peat corer)

3 replicate cores at each site (4 sites per
National Seashore)

Take sediment cores at peak aboveground
biomass (April - June)

@ = 1 sediment core

Tingles Island, Assateague Island



Sediment Core Subsampling

123456780001 23 43678917 234587891 2PN S oNY S ZI3eE 789

M 23 a5 e 701 22a5a 780011223056 7890 123486878911 234867 890

L3 g ) ’ - — . -
V23486780111 23456 780511 234867891 1123456789( 11234867891

(Mazie et al., 2023)



Subsample Analyses

Corg

Dry bulk density of subsamples

Elemental analyzer for % Corg

o13C

Carbon fixation

Unigue seagrass signature

210pp

Sediment deposition dating

Sediment accretion — carbon accumulation

O°N

Eutrophication scenarios

Alternate explanation for decline?



Future Directions, Applications

Clearer picture of carbon loss
(emissions) from declining
eelgrass meadows

Put value on eelgrass /\ Estimate money lost in

meadows at present, eelgrass meadow value
incentivize protection with declines

l

Justify cost of
eelgrass restoration



Thank you!

Contact: kitanner@umes.edu
Tomasetti Lab Website
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Big shells, bigger data: cohort
analysis of Chesapeake Bay
Crassostrea virginica reefs

Madison Griffin
Grace Chiu, Roger Mann, Melissa Southworth

e ———
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The Battles of the Eastern Oyster
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Unsustainable Reefs

Oyster population
decreasing

Low recruitment

o9, =g > Oysters
Il.' .’u'. ¢ ‘o '.\'. 4+ years
s ¢*) old are
\3: ¢ // rare!

Decrease in shell addition
= decrease habitat

Decrease in adult size
& abundance

WILLIAM

ViiviS | i

VIRGINIA INSTITUTE OF MARINE SCIENCE




Oysters
4+ years

old are




Research Objectives
1. Apply a Gaussian Mixture Model
(GMM) to estimate age groups of
oysters only using shell length
(mm)
. Link and track age groups over
time
. Evaluate the state of age-
truncation and shrinking in the
Chesapeake Bay population
4. Investigate signals of resiliency

Data Description
Virginia Oyster Stock Assessment
Replenishment Archive
Years 2003-2023
64 reefs across the Virginia CB
(N =1,205,165 oysters)

VIS | iy
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What is a Gaussian Mixture Model (GMM)?

v'—
o
m._
o
N‘-
o

A

s =

n

q:)
-

Qo'—
o
o

Shell length (mm)
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Why is this a novel method for aging oysters?

" BIC =-1063.838 | ° BIC = -1052.76
S S 7 » Estimate age with size
. . only
° ° * No method to cross-
5 - 5 validate GMM estimates
k. to "known"” ages
e s ———F————+— « Age structure has never
- o S S S been estimated on this
i BIC = -1035.366 | BIC = -1039.561 scale in VA CB
3 3 - * The mclust package is
flexible, and we can let
° ° it pick the best number
= = of components using
BIC

Shell length (mm)

WILLIAM Scrucca L, Fraley C, Murphy TB, Raftery AE (2023). _Model-Based Clustering, Classification, and Density
Estimation

V’l .B & MARY
: S Using mclust in R_. Chapman and Hall/CRC. ISBN 978-1032234953, doi:10.1201/9781003277965
VIRGINIA INSTITUTE OF MARINE SCIENCE <https.//doi.org/10.1201/9781003277965>, <https://mclust-org.github.io/book/>.




Methodological Workflow

Fit a lognormal
distribution to
shell lengths

Spat
(babies, age 1)

jpzz

t: 2003-2023
Combine data to run
cohort assignment
algorithm
Lives *
(adults, age 2-5)
\ Fit river-level GMM

to assign age (a) of
VIVIS | iy

components
VIRGINIA INSTITUTE OF MARINE SCIENCE

Fit reef-level

GMM to identify
components




Cohort
Assignment

RULES:
_ //'\lt+1 > ﬁt
— g = At
— If two components
in the same year

share an age,
combined them

— Ifais N.A, exclude &

from cohort
assighment

VIS | iy
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Cohort
Assignment

RULES:
_ //'\lt+1 > ﬁt
— g = At
— If two components
in the same year

share an age,
combined them

— Ifais N.A, exclude &

from cohort
assighment

VIS | iy
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2003 (t)

/N
n="*
ga ;A * O
</ q N
S n,
ol vﬂ/l (mm) ”
S
hetl 1oy No linkage -
assume cohort

2004 (t+1) died

N

g
(=]

svel Lot (mim)



Results
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357
Chesapeake Bay Mainstem
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<+ 2023.1 + 2023.3 = N.A_1
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James River
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Key Takeaways

* Novel method for identifying, tracking, and aging oysters only using size data is
effective and informative!

« Age truncation may be improving and or/stable in Chesapeake Bay, but shrinking is
still a major concern

« Improvement of age-truncation suggests resiliency, but if oysters are shrinking in size,
how self-sustainable are oysters in the long term?

Future Work

» Further investigate these trends with climate variables
« Acidification, marine heat waves, disease, salinity
* Further investigate these trends with harvest and management data
 Size limits, gear restrictions, rotational closures, etc
» Apply the method to other shellfish species and/or oysters in around the Mid-Atlantic
region and compare the strength of resiliency

WILLIAM

VII V'.g & MARY

VIRGINIA INSTITUTE OF MARINE SCIENCE




Questions? Thank yOU!

mdgriffin@vims.edu Chesapeake
( Bay Trust

Empowering people. Restoring nature.

T

|\ S
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N/
S
N/

Tidewater Oyéter Gardeners Association

\ V4 LA [ ’ WILLIAM
-/ tl!’!.:' & MARY
VIRGINIA INSTITUTE OF MARINE SCIENCE
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Assessing Method Effectiveness

“Behaving” Cohort Examples in Reef 357

Cohort 2007.1 Cohort 2012.1 Wonky
2 Cohorts (%)
S |Mollusc Type Year < “|Mollusc Type Year -
i —,‘Live — 2007 S o — Live — 2012 Chesapeake Bay 26.8%
pat 2008 - = Spat 2013 .
2 5 A - 2o0s z = : 9\\ __ o Mainstem
o [0) - . .
a 1 S 3 I Piankatank River 16.4%
7 |
8 S - ~ - :
= S l l l l Rappahannock River 18.6%
20 40 60 80 100 0 50 100 150
Cohort Means (mm) Cohort Means (mm) James River 28.4%
“Wonky” Cohort Examples in Reef 357 E—
Great Wicomico River 14.3%
Cohort 2019.1 Cohort 2019.4
o
S T[Mollusc Type Year & Ivolluso Type Year York River & Mobjack 20.3%
g S I 4 T T e| | — 2 Bay
g o | 2021 %, o | = = Spat N 2020
g8 ° | n % g 27 Tangier & Pocomoke 20.8%
= ]
N P § Sounds
8 | = 8 | .
R s F T T T T T Total 23.1%

Cohort Means (mm)

Cohort Means (mm)
WILLIAM
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THE UTILITY OF "WEATHER" QUALITY OCEAN ACIDIFICATION
MONITORING FOR COASTAL RESILIENCE

MACAN State-of-the-Science and Technical
Assistance Workshop

Office/Program

JUIV 17, 2025 National Oceanic and Atmospheric Administration
Dwight Gledhill, NOAA OAP, Acting Director U.S. Department of Commerce



~wmmmBIOLOGICAL RESPONSE

ECOSYSTEM MODELS The OAP MiSSion

Better prepare society to respond to
ocean, coastal and Great Lakes
acidification by fostering
transdisciplinary research,
education, and outreach

ADAPTATION STRATEGIES I
SOCIO-ECONOMIC IMPACTS OCEAN ACIDIFICATION
EDUCATION & OUTREACH MONITORING & MODELING



OA P St ra teg i C P I a n oceanacidification.noaa.gov/resources/oap-strategic-plan-2021-2025/

Objective 1.1. Sustain and improve ocean
acidification and ocean carbon monitoring,
modeling, and technology development

NOAA Ocean Acidification Program Objective 1.2. Expand understanding of

. species and ecosystems response to ocean
St rateg IC acidification
Plan
2021 - 2025 Objective 1.3. Advance understanding of

social and environmental impacts to develop
mitigation and adaptive strategies

Objective 1.4. Promote research that
advances potential adaptation and mitigation
strategies to conserve marine life and
ecosystems exposed to ocean acidification

Objective 1.5. Curate and provide data
and information products in a timely and
accessible manner

Department of Commerce | National Oceanic and Atmospheric Administration| NOAA.gov 3



‘Weather’ vs ‘Climate’ Quality OA Observing

D, @ e Measurements made are of appropriate

quality for their intended purpose.

e Comparable beyond immediate users
(external consistency).

® Uncertainty must be known and

Requirements and Governance Plan

First Edition
ol communicated (as important as the
G i measurement itself).
00s & ¢ .- W

Department of Commerce | National Oceanic and Atmospheric Administration| NOAA.gov 4



‘Weather’ vs ‘Climate’ Quality OA Observing

A Box 2. MEASUREMENT QUALITY GOALS FOR GOA-ON
GOA-ON ) “Climate”

+ Defined as measurements of quality sufficient to assess long term trends with a defined level of
confidence

+  With respect to ocean acidification, this is to support detection of the long-term

| anthropogenically-driven changes in hydrographic conditions and carbon chemistry over multi-

decadal timescales

Requirements and Governance Plan

“Weather”
First Edition + Defined as measurements of quality sufficient to identify relative spatial patterns and short-
term variation
September 2014
Lo s R e +  With respect to ocean acidification, this is to support mechanistic interpretation of the

E.B. Jewett, P. Williamson,

B ecosystem response to and impact on local, immediate OA dynamics

005 & 2.k ,
:

Department of Commerce | National Oceanic and Atmospheric Administration| NOAA.gov 5



‘Weather’ vs ‘Climate’ Quality OA Observing

The term uncertainty (1SO, 1993; Ellison &

s Williams 2012).
GOA—ON)

® Permits a statement of the dispersion
| (interval) of reasonable values of the

Requirements and Governance Plan quantity measured, together with a
s o statement of the confidence that the (true)
septemver20te N value lies within the stated interval.
e e Standard uncertainty of measurement; that
005 & is with the associated confidence interval
GBS | equivalent to that for a standard deviation.

(not error)

Department of Commerce | National Oceanic and Atmospheric Administration| NOAA.gov




‘Weather’ vs ‘Climate’ Quality OA Observing

‘Weather’ - requires the CO32' to have a relative standard uncertainty of 10%.

pH TA (umol DIC (umol pCO2
kg™) kg™)
Weather +0.02 +10 +10 2.5%

Example system -

pH Sensor (e.g., Sunburst Sensors iISAMI pH Sensor): This is the core instrument.
For "weather" quality data, the pH sensor would need to be highly accurate (with an
uncertainty of approximately +0.02 pH units, as specified by GOA-ON for "weather"
objective). It would continuously measure seawater pH, transmitting data wirelessly in
near real-time.

Department of Commerce | National Oceanic and Atmospheric Administration| NOAA.gov 7



‘Weather’ vs ‘Climate’ Quality OA Observing

‘Weather’ - requires the CO,? to have a relative standard uncertainty of 10%.

NOAA OAP Coastal Ocean ‘Climate’ - requires the CO,* to have a relative standard uncertainty of 1%

Acidification Cruise nearby a NOA-ON

station pH TA (umol DIC (umol | pCO2
’ kg™) kg™)
Weather | +0.02 +10 +10 2.5%
Climate +0.003 +2 +2 0.5%

"<uncertainty in the CO,? itself

Example system -

GO-SHIP, COA (e.g., ECOA survey, NOA-ON Station): Discrete seawater sample
collection achieved aboard dedicated biogeochemical survey campaigns include
potentiometric (TA) and coulometric (DIC) titration +2 umol kg™, spectrophotometric pH
+0.003, and underway pCO, +5% calibrated against Certified Reference Materials
(CRMs). NOA-ON Stations presently adopt a MAPCO,, with an internal calibration gas
able to achieve +2 patm.

Department of Commerce | National Oceanic and Atmospheric Administration| NOAA.gov 8



Optimized monitoring design (as hallucinated by
ChatGPT)




Applications Differ

%

Climatological distribution
of ocean acidification
variables along the North
American ocean margins
(2024) Li-Qing Jiang, Tim P.
Boyer, Christopher R.

» Paver,et al., Earth Syst. Sci.
Data
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“Weather” quality acidification monitoring represents a
subset of NOAA's responsibilities.

However, they are critical to providing actionable
environmental intelligence.

Greater impact could be derived if national (or regional) SOPs
were established to cross-reference between climate &
weather.
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Data management and quality control
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Importance of data management

Decision making on
mitigation and adaptation strategies

United Nations (UN) reports

Products &
Models

Regional to global studies

- —

QC and Synthesis
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Data management

| & .' Observations

Jiang, et al. (2023), adapted from Guidi et al. (2020)



Data management:
Home Products Services Resources News Contact About ‘ > [NCEI] Long_term arChive With Ve rSion COntrOl
Home  Products  Ocean Carbon and Acidification Data System (OCADS) > [ N C E I ] D ata C itati O n S W it h DO I S

Ocean Carbon and Acidification Data System > [OCADS] Metadata templates, leveraging
(OCADS) controlled vocabularies
» [OCADS] Submission, data discovery and

dCCess

The Ocean Carbon and Acidification Data System (OCADS) is a data management system specializing in the management of ocean
carbon and ocean acidification (OA) data within NCEI. See the OCADS Paper in Nature = for more information.

Data research:

. . » Quality control and synthesis efforts
Scope, Mission, and Services ..
OCADS manages a wide range of ocean carbon and acidification data, including chemical, > OA Indlcator deve lopment

physical, and biological observations collected from research vessels, ships of

opportunity, and uncrewed platforms, as well as laboratory experiment results, and

model outputs. Additionally, OCADS serves as a repository for Global Ocean Observing M (L

System (GOOS) biogeochemistry Essential Ocean Variables (EOVs) that are closely related S C I e nt I f I C d ata
to ocean carbon and acidification research, e.g., oxygen, nutrients, transient tracers, and

stable isotopes. As a new development, OCADS accepts submissions of data generated

from marine Carbon Dioxide Removal (mCDR) and Ocean Alkalinity Enhancement (OAE) Explore content v About the journal v Publish with us v
related research.

About Data Access Data Submission Resources Updates

nature > scientific data > articles > article

Jiang, L.-Q., Kozyr, A., Relph, J.M. et

al. The Ocean Carbon and Acidification Article Open access Published: 15 March 2025.% . )
Data System. Sci Data 10, 136 (2023). The Ocean Carbon and Acidification Data System

htt // | I /1 1 / 41 /- 2 - Li-Qing_ Jiang &9, Alex Kozyr, John M. Relph, Errol |. Ronje, Linus Kamb, Eugene Burger, Jonathan Myer,

Q2_O_42;Q. Liem Nguyen, Krisa M. Arzayus, Tim Boyer, Scott Cross, Hernan Garcia, Patrick Hogan, Kirsten Larsen & A.

Rost Parsons
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Profile Data

CTD, discrete bottle water samples, etc.
*Column Header Names Description
*Data File (.XLSX) Example

*Jiang et al. (2022

ws Contact About

Home  Products  Ocean Carbon and Acidification Data System (OCADS)

Ocean Carbon and Acidification Data System
(OCADS)

The Ocean Carbon and Acidification Data System (OCADS) is a data management system specializing in the management of ocean
carbon and ocean acidification (OA) data within NCEI. See the OCADS Paper in Nature = for more information.
About Data Access Data Submission Resources Updates
et Tempites \ _ Underway Data
? frontiers About us v All journals All articles (' Submit your research )
Controlled Vocabularies ' / [ l H d N D I 1
S Column Header Names Description
Frontiers in Marine Science Sections v Articles Research Topics Editorial board About journal *
Data Standards *Data File ((XLSX) Example
o
EXPOCODESs & Platform Codes METHODS article
. . Front. Mar. Sci., 20 January 2022 This article is part of the Research
Certified Reference Materials ) Topic
Sec. Ocean Observation P

Calculation Programs

Carbonate Production Rates and Calcificatic
Species ID

Quality Control (QC) Tools

Quality Control Flags

Algorithms

OAP Data Management Documents

Volume 8 - 2021 | Best Practices in Ocean Observing

https://doi.org/10.3389/fmars.2021.705638 - q
g e View all 87 articles >

Best Practice Data Standards for Discrete
Chemical Oceanographic Observations

% Li-Qing Jiang'?* . Denis Pierrot®
0 Richard A. Feely”

Leticia Barbero3®

Rik Wanninkhof®

Bronte Tilbrook® Simone Alin*

Robert H. Byrne” Brendan R. Carter*®

‘4 Andrew G. Dickson® . Jean-Pierre Gattuso'O! Dana Greeley*

Mario Hoppema'? “ Matthew P. Humphreys'® @v Johannes Karstensen'®

Nico Lange®* Siv K. Lauvset®® Ernie R. Lewis'® ‘ Are Olsen'’

{-3 Fiz . Pérez'®

Christopher Sabine!® Jonathan D. Sharp*®

Autonomous Sensor Data
Mooring, Saildrone, Argo, glider, etc.

*Column Header Names Description
*Data File (.XLSX) Example

Physiological Response Data
Laboratory experiment, Mesocosm, Field
experiment, Natural analogue, etc.

*Column Header Names Description
Data File (.XLSX) Example
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Metadata display format

Partial pressure (or fugacity) of carbon dioxide, temperature, salinity and other variables
collected from surface underway observations using carbon dioxide gas analyzer, shower
head equilibrator and other instruments from R/V Wecoma in the U.S. West Coast
California Current System during the 2011 West Coast Ocean Acidification Cruise
(WCOA2011) from 2011-08-12 to 2011-08-30 (NODC Accession 0123607)

Simone R. Alin {NOAA Pacific Marine Environmental Laboratory, 7600 Sand Point Way NE, Seattle, WA, 98115, USA}

Richard A. Feely {NOAA Pacific Marine Environmental Laboratory, 7600 Sand Point Way NE, Seattle, WA, 98115, USA}

Lauren W. Juranek {Oregon State University, College of Earth, Ocean, and Atmospheric Sciences, 104 CEOAS Administration Bldg,
Corvallis, OR, 97331, USA}

ABSTRACT: This archival package contains the surface underway pCO?2 data of the first dedicated West Coast Ocean Acidification cruise
(WCOA2011). The cruise took place August 12-30, 2011 aboard the R’V Wecoma. Ninety-five stations were occupied from northem Washington
to southern California along thirteen transect lines. At all stations, CTD casts were conducted, and discrete water samples were collected in Niskin
bottles. Underway measurements of pCO2 were collected during the duration of the cruise. The cruise was designed to obtain a synoptic snapshot
of key carbon, physical, and biogeochemical parameters as they relate to ocean acidification (OA) in the coastal realm. During the cruise, some of
the same transect lines were occupied as during the 2007 West Coast Carbon cruise, as well as many CalCOFI stations. This effort was conducted
in support of the coastal monitoring and research objectives of the NOAA Ocean Acidification Program (OAP).

CITE AS: Alin, Simone R.; Feely, Richard A.; Juranek, Lauren W.; Cosca, Catherine E. (2015). Partial pressure (or fugacity) of carbon dioxide,
temperature, salinity and other variables collected from surface underway observations using carbon dioxide gas analyzer, shower head equilibrator
and other instruments from R’V Wecoma in the U.S. West Coast California Current System during the 2011 West Coast Ocean Acidification
Cruise (WCOA2011) from 2011-08-12 to 2011-08-30 (NODC Accession 0123607). Version 1.1. National Oceanographic Data Center, NOAA.
Dataset. doi:10.7289/V51R6NGD [access date].

NCEI metadata

IDENTIFICATION INFO OF THIS DATA PACKAGE:
NCEI ACCESSION: 0123607
NCEI DOI: 10.7289/V51R6NGD
EXPOCODE: 32W(C20110812
CRUISE ID: WCOA2011
SECTION/LEG: West Coast Ocean Acidification Cruise (WCOA)

Download data

TYPES OF STUDY: Accession 0120607 Satices
Surface underway; 4o* 1

TEMPORAL COVERAGE:

START DATE: 8/12/2011 END DATE: 8/30/2011

SPATIAL COVERAGE: =
NORTH BOUND: 46.126
WEST BOUND: -127.552 EAST BOUND: -117.74 s
SOUTH BOUND: 31.95

GEOGRAPHIC NAMES:
U.S. West Coast California Current System; North Pacific
Ocean;

LOCATION OF ORGANISM COLLECTION: e
N/A;

PLATFORMS: g
Wecoma (ID: 32WC); B ’

Abbreviation:

Unit:

Observation type:
In-situ / Manipulation /
Response variable:
Measured or calculated:
Sampling instrument:

Analyzing instrument:

Detailed sampling and
analyzing information:

Replicate information:

Standardization
description:

Standardization
frequency:

CRM manufacturer:
Poison name:
Poison volume:

Poison correction:

Dissolved Inorganic Carbon

DICumol’kg
umol’kg

Discrete measurements from samples collected on CTD casts
In-situ observation

Measured
Niskin bottle

Two systems consisting of a coulometer (UIC Inc.) coupled with a Dissolved Inorganic Carbon Extractor (DICE)
inlet system. DICE was developed by Esa Peltola and Denis Pierrot of NOAA/AOML and Dana Greeley of
NOAA/PMEL to modermize a carbon extractor called SOMMA (Johnson et al. 1985, 1987, 1993, and 1999;
Johnson 1992)

Samples for DIC measurements were drawn according to procedures outlined in the 2007 PICES Special
Publication, Guide to Best Practices for Ocean CO2 Measurements, from Niskin bottles into 310 ml borosilicate
glass flasks using silicone tubing. The flasks were rinsed once and filled from the bottom with care not to entrain
any bubbles, overflowing by at least one-half volume. The sample tube was pinched off and withdrawn, creating a
~7.5 ml headspace and 0.133 ml of saturated HgCl12 solution was added as a preservative. The sample bottles were
then sealed with glass stoppers lightly covered with Apiezon-L grease. DIC samples were collected from variety
of depths with approximately 10% of these samples taken as duplicates. The accuracy of the DICE measurement is
determined with the use of standards (Certified Reference Materials (CRMs), consisting of filtered and UV
irradiated seawater) supplied by Dr. A. Dickson of Scripps Institution of Oceanography (SIO). The CRM accuracy
is determined manometrically on land in San Diego and the DIC data reported to the data base have been corrected
to this batch 109 CRM value. The CRM certified value for this batch 1s 2026.33umol’kg. During this cruise both
systems reported values which were consistently lower than the certified value. This offset we believe to be due to
the fact that the temperature of the gas loop housing was offset from the lab temperature in which the gas cylinder
was kept. As the gas loops and CRM values were consistent throughout, we have great confidence in our final
value after correcting for this CRM offset. Summary The overall performance of the analytical equipment was
good during the cruise. We were able to sample every niskin Niskin made available to us; and including the
duplicates and samples drawn from the underway seawater line, 1450 samples were analyzed for dissolved
inorganic carbon.

Duplicate samples were collected from approximately 10% of the Niskins sampled, as a check of our precision.
These replicate samples were interspersed throughout the station analysis for quality assurance and integrity of the
coulometer cell solutions. The average absolute difference from the mean of these replicates is 1.04umol’kg. No
systematic differences between the replicates were observed.

Each coulometer was calibrated by injecting aliquots of pure CO2 (99.999%) by means of an 8-port valve (Wilke
et al., 1993) outfitted with two calibrated sample loops of different sizes (~1ml and ~2ml). The instruments were
each separately calibrated at the beginning of each cell with a minimum of two sets of these gas loop injections
and then again at the end of each cell to ensure no drift during the life of the cell.

1) Gas loops were run at the beginning and end of each cell; 2) CRM is supplied by Dr. A. Dickson of SIO, were
measured near the beginning; and 3) Duplicate samples were typically run throughout the life of the cell solution.
Dr. A. Dickson (SIO)

Mercuric Chloride Solution

0.133 ml

The DIC values were corrected for dilution by 0.133 ml of saturated HgCl2 used for sample preservation. The

Jiang, L.-Q., O'Connor, S. A.,, Arzayus, K. M., and Parsons, A. R. (2015). A metadata template for ocean
acidification data, Earth Syst. Sci. Data, 7, 117-125, https://doi.org/10.5194/essd-7-117-2015.



https://doi.org/10.5194/essd-7-117-2015
https://doi.org/10.5194/essd-7-117-2015
https://doi.org/10.5194/essd-7-117-2015
https://doi.org/10.5194/essd-7-117-2015
https://doi.org/10.5194/essd-7-117-2015
https://doi.org/10.5194/essd-7-117-2015
https://doi.org/10.5194/essd-7-117-2015
https://doi.org/10.5194/essd-7-117-2015
https://doi.org/10.5194/essd-7-117-2015
https://doi.org/10.5194/essd-7-117-2015
https://doi.org/10.5194/essd-7-117-2015
https://doi.org/10.5194/essd-7-117-2015
https://doi.org/10.5194/essd-7-117-2015
https://doi.org/10.5194/essd-7-117-2015
https://doi.org/10.5194/essd-7-117-2015

Manage Metadata: CODAP_NA_climatologies_update.zip
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mCDR-compatible metadata template

Manipulated or not MmCDR Pathways

Natural 1 Ocean alkalinity enhancement
2 Biomass sinking

3 Direct ocean capture

4 Ocean nutrient fertilization

5

6

Manipulated
Model generated

A W N -

Social

OAE treatment types

1 Mineral alkalinity addition
2 Synthetic alkalinity addition

Artificial upwelling and downwelling
Marine ecosystem recovery

Jiang, L.-Q., Subhas, A. V., Basso, D., Fennel, K., and Gattuso, J.-P.: Data reporting and sharing for ocean
alkalinity enhancement research, in: Guide to Best Practices in Ocean Alkalinity Enhancement Research,
edited by: Oschlies, A., Stevenson, A., Bach, L. T., Fennel, K., Rickaby, R. E. M., Satterfield, T., Webb, R., and
Gattuso, J.-P., Copernicus Publications, State Planet, 2-0ae2023, 13, https://doi.org/10.5194/sp-2-

0ae2023-13-2023, 2023.
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OAE field trials

Experiment description

Site description

Previous mCDR research in the area

Co-located operations

Meteorological and tidal conditions

Alkalinity feedstock type

Alkalinity feedstock description

Dosing location

Dosing depth (meters)

Start date and time

OAE field trial |Dosing duration End date and time

Dosing mechanism

Dosing effluent density

Dosing regimen

Dosing rate data

Permit number

Permit approval document

Permitting authority

Data conflicts and unreported data:

Additional details




Physiological response studies

Physiological
response
studies

Manipulation method

Targeted acidity or Alkalinity levels

Natural vs artificial seawater

Is the seawater filtered, sterilized, or UVed?

Biological subject (repeatable)

Organism or community

Species Identification code
(if available)

Taxonomic code system used
[controlled vocabulary]

Life stage [controlled vocabulary]

Treatment duration

Start date and time (UTC)

End date and time (UTC)

Location where the experiment was carried out

Location where biological subject was
collected

Additional details




Model output

Model outputs
(applicable to both

OA and mCDR
studies)

Model name

Model version

Physical component name and version

BGC component name and version

Modelled region

Model resolution

Longitudinal

Latitudinal

Vertical

Temporal

Model configuration

Boundary conditions

Atmospheric forcing

Tidal forcing

Other model forcing details

River and sediment flux details

Spin up protocol

Description of acid or alkalinity addition

Codebase link

Additional details
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[Load data from Excel]

v1E05_GOMECC2RR.xIsx

Browse

Load header

EXPOCODE:

CRUISE ID:

ACCESSION:

33R020120721

GOMECC2

0117971

pH Scale

Total scale

Free scale

Seawater scale

@ Surface press

O Real press

@ Millero 2010

O Lueker et al. 2000

Import data

Reference Data File

Browse

Carbon_Nutrients OC_N_Tracers_lsotope Documentation UnitConversions_StdHeaders_QCthresholds NetCDF generation
Cruise info: DIC+TA: Temp.+Salinity: pCO2:
ACCESSION: | Accession 63 DIC: | TCARBN 40 CTDTEMP_ITS90: | CTDTMP 19 pCO2@measure: 0
EXPOCODE: | EXPOCODE 1 DIC_flag: | TCARBN_FLAG_W 41 CTDTEMP_flag: 0 TMP_pCO2: 0
TAlk: | ALKALI 42 L
} . 2@in-situ: 0
Gruise_ID: | Cruise_ID 3 CTDSAL_PSS78: | CTDSAL 20 pCO2@in-situ
TAlk_flag: | ALKALI_FLAG_W 43 cO2 ft 7
. pCO2_flag:
Station NO: | STNNBR 4 CTDSAL _flag: | CTDSAL_FLAG_W 21
pH:
fCO2:
SALNTY_PSS78: | SALNTY 22
Cast_NO: | CASTNO 6 pH_TOT@meas... |PH_TOT_MEASURE 47
fCO2@measure: | f{CO2_MEASURE 44
SALNTY flag: | SALNTY_FLAG_W 23
Niskin_ID: | BTLNBR 7 TMP_pH: | TMP_PH 48
TMP_fCO2: | TMP_FCO2 45
Nutrients:
e H_TOT@in-situ: 0
: | BTLNBR_FLAG_W P :
Niskin_flag _FLAG_! 8 fCO2@in-situ: 0
Silicate: | SILCAT 28
pH_flag: | PH_TOT_FLAG_W 49
Sample_ID: | Sample ID 5 £CO2_flag: | {CO2_FLAG_W 46
Silicate_flag: | SILCAT_FLAG_W 29
pH_CTD_insitu: 0 el -
Location+Time: Others:
pH_CTD._flag: 0 Phosphate: | PHSPHT 38
Latitude_decimal: | LATITUDE 14 Observation: 0
Carbonate: Phosphate_flag: | PHSPHT_FLAG 39
Longitude_deci... | LONGITUDE 15 Cruise_flag | Cruise_flag 2
CO3@measure: | CO3_Measure_Jsharp 50 Nitrate: | NITRAT 32
TSG_TEMP_ITS90: 0
Year_UTC: | Year 9 L &l
- TMP, : | TMP, 1
e e 5 Nitrate_flag: | NITRAT_FLAG_W 33
TSG_SAL_PSS78: 0
Month_UTC: | Month 10 CO3@in-situ: 0
Nitrite: | NITRIT 30
Unused:
Day_UTC: | Day 11 CO3_flag: | CO3_FLAG_W 52
N Nitrite_flag: | NITRIT_FLAG_W 31 Headers that are | [Col:13] YEAR DAY
(o) : [Col:36] TN_RSMAS
Time_UTC: | TIME 12 SXOSIk notmatchedto | [Col:37] TN_RSMAS_FLAG_W
- NO3+NO2: | NO2+NO3 34 f the listed [Col:53] CO3_Abs _Ratio
CTDOXYGEN: | CTDOXY 24 any ofthe fisted | col:54] CO3_Abs _Ratio_Corrected
CTDPRES: | CTDPRS 18 NO3+NO2_flag: | NO2+NO3_FLAG_W 35 fields.
CTDOXYGEN_fl... | CTDOXY_FLAG_W 25
Depth_sampling: | DEPTH 17 —
pih_sampiing Oxygen: | OXYGEN 26 Ammonium: 0
Depth_bottom: | BOTDEPTH 16 Oxygen_flag: | OXYGEN_FLAG_W 27 Ammonium_flag: 0




[QC2: T, S & DO plots]
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Earth System Science Data
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Sensor Solutions

* Submersible sensors for measuring dissolved CO,, CH,, and
Total Dissolved Gas Pressure

 Three lines of sensors:
* PRO Series

* Oceanographic dissolved gas sensors

* the best in accuracy, stability, and response time
* Mini Series

* Smaller, rugged, and more affordable

* Less accurate and stable than the Pro-Series
* Solu-Blu Series

* Newest addition and designed for shallow water, including
aquaculture and laboratory and groundwater




CO, Measurement

Gases diffuse from water through the membrane into an optical
cell where CO, is detected using IR detection

Membrane Signal filter
o |
*‘ . (O LA .
o r etector
A~ »~

Infrared Lam ‘
i Optical Cell Reference filter



CO, Measurement

* IR optical cell measures the molar ratio of CO, to all other gases present, also
known as the mixing ration, xCO,

* Partial pressure of CO,, pCO, must be calculated from xCO, and the pressure at
which the measurement is made

* pCO, =xCO,*P

* pCO, can be calculated as “wet” or “dry”, depending on the conditioning of the
gas entering the optical cell, but for membrane-based NDIR sensors, the
measurement is almost always made “wet” with water vapor present.



Membrane Equilibrium

* The equilibration of gas across the instrument membrane is governed
by diffusion as well as flow dynamics next to the membrane

1
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Membrane Equilibrium

* Movement of gases from dissolved in liquid through a membrane to
gas head space dependent on:

e« Membrane thickness * Advective movement of gas molecules

* Membrane surface area * Water and air side of membrane

* Gas head space volume  Diffusive movement of gas molecules
* Water-side

* Membrane

e Air-side



Sensor Options Based on Data Needs

* Understand what data is needed. The most appropriate sensing options
are dependent on:

e Accuracy and long-term stability
* Measurement range
* Type of data

 Biofouling control




Application-Specific Needs

* Open ocean vs Coastal vs Freshwater

* Multi-year vs seasonal vs weekly to daily
* Spatial vs Temporal

* Chemistry vs Biology vs Physics

* Flux vs absolute measurement

* Database flag needs, eg. SOCAT, ICOS



CO, Pro Series




Sensor Operation

* Gas flows through optical cell path in
contact with a semi-permeable - ______________________

membrane (blue and green) E CO:2 Absorbent Column

* Measures wCO, and dissolved gas

pressure to allow calculation of pCO, Humidity Cell

* When a zero CO, measurement is | ]
: 8 ' IR Detector !
made, the gas is sent through an o | - p—im
(€t
absorption column (red and green) E | precsure © HPuUmPP
< | Sensor
|
I
|
|



Accuracy and Stability

* Requires stable and accurate temperature measurement
 Stable cell temperature to + 0.1° Celsius

* Maintained above ambient to prevent condensation in the
detection cell and to keep thermal stability when water
temperature changes

* The cell gas pressure is balanced against the in situ dissolved gas
pressure and can be used to calculate pCO,

 Humidity measurement to correct for spectrum broadening effect



Accuracy and Stability

* |R light source decay affects the performance through signal drift
* Can use an Automatic Zero Point Compensation, AZPC

* Removal of CO, from detector gas stream allows for frequent zero
measurement and correction for detector zero drift

e Correction is automatic and in real-time, no post-deployment
baseline drift correction of data needed (when AZPC is used)

* Typical drift per year dependent on sampling frequency — run time of
the optical cell
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Sensor Calibration

 Pro-Oceanus uses WMO-traceable NOAA
standard gases

* Minimum 5-8 point gas calibration using a 3-
segment polynomial curve fit, linear fit is not
accurate enough

e Gas pressure sensor calibration

* Improved temperature stability, internal
corrections for pressure and humidity




Field Validation of Data Accuracy

* Water sample collection at beginning and end of deployment at

same location as sensor
e Sampling through the deployment period as well if possible
e Laboratory analysis of samples*
 Comparison of lab sample data to in situ sensor data

e Corrections in sensor drift during deployment can be made based
on offsets between sensor and lab CO2 values

* Assume linear change over time in the drift

* Guide to Best Practices for Ocean CO, Measurements. Dickson et al 2007.



Lab Validation of Data Accuracy

* In air: Easiest to do and can be done in two ways

* Flow calibration gases across outside of membrane and wait for full
equilibration
» Process requires flow of gas for up to 15 minutes to allow for full equilibrium of
each gas

 Open the sensor and flow gases directly into the optical cell

* Flow of calibration gas must allow for the internal air pump to pull the gas
through the detector and not push the calibration gas through due to high
pressure of calibration gas, a Y-joint to bleed off excess calibration gas needed

« Each calibration gas can take a few minutes to run and calibration check is quick

« Calibration gases are dry, but a humidifier can be placed inline to create standard
operating conditions

* Guide to Best Practices for Ocean CO, Measurements. Dickson et al 2007.



Lab Validation of Data Accuracy

* In water: Time and calibration gas consuming
« Bubbling of water sample with calibration gas can take more than an
hour to fully equilibrate and stabilize

« Water temperature must be kept constant or changes in CO,
solubility can change the partial pressure

« Can be difficult to obtain stable conditions of both CO2
concentration and water temperature

* Mixing, interaction with air above, NDIR sensors generate heat

* Guide to Best Practices for Ocean CO, Measurements. Dickson et al 2007.



CO,-Pro CV - Moorings, Buoys, Profiling

* Most versatile sensor option
* Flexible design options

e Ratings up to 6000m depth

* Internal or external battery power

* Profiling and moored mode features




Example from Cambridge Bay, Canada

* Long-term deployment, 10 months under ice per year

e Continuous sampling

CO2 (green) 02 (blue)
750 uatm /f ; sy - l 9 ml/l
500 uatm I' P ~ / \.\ -w Y PR .I y_ NN : ' A _.4/ 8 mI/I

Il [P Lo T
1] ™~ ™ Nt =
250 uatm tf it || " 7 mill
\,,_.'J v
0 uatm 6 ml/l
Jan 2016 Jan 2017 Jan 2018

CO2-Pro CV Data - Cambridge Bay, CANADA




Compact Fully Autonomous CO, Sensor

* CO,-Pro CV with internal battery

Left, CO, Profiling in the St. Lawrence
Estuary. Top, measuring CO, levels at
seabed seeps by divers in the Philippines



Mobile Autonomous Platforms

CO,-Pro CV installed both in hull of the LRI WaveCGlider (above) and in a towed body (right)



CO,-Pro Designed for Surface Buoys

* Unigue and patented antifouling protection
* Only suitable for shallow deployments

* Same design used on the CO,-Pro sensors

OGS Italy E2ZM3A Buoy
CO2-Pro Installed




CO, Surface Flux Measurement

| * The CO,-Pro ATM sensor was designed for
integration onto Buoy platforms and
shipboard use to facilitate a means of
measuring both surface water and air-side
pCO, in order to determine CO, flux into or
out of the ocean.

* It utilizes a single CO, detector for both

measurements to minimize errors.



Standard Equipment for CO,-Pro Atmosphere

« Sensor comes complete
with:
-  Modified CO,-Pro

- NEMA air-side box for air pCO,
measurement (bottom left)

- 5 meters of Tygon tubing for
connecting air-side box to
CO,-Pro (other lengths
optional)

- Pelican carrying case




CO,-Pro ATM on one of the US OOI Nodes

« The Central Coastal
Surface Mooring buoy is
deployed from the
starboard rail of the R/VV
Atlantis. CO,-Pro ATM
sensor installed on the

buoy




CO,-Pro ATM Installed on 10 US OOI Buoys
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Mini Series




Mini CO, Applications

* Aquaculture monitoring of dissolved CO, for fish and shellfish health

* Coastal zone CO, fluxes

* Groundwater and wellwater monitoring

Carbon budget studies for lakes and rivers

of pCO,
Wastewater greenhouse gas emissions

Ocean glider and profiler missions




Mini CO,

e Customizable

* Wide CO, calibration ranges

e Plastic, SS or titanium housings

* Digital RS 232 output

* Analog output 4-20mA or 0-5V

* External and internal battery solutions
* Flow-through options

* Power communications Deckbox

* Mounting brackets

e Variety of connectors

* Pipelnsert




Solu-Blu Series




Solu-Blu CO,, Applications

* Integrated systems, PLCs

* Aquaculture monitoring of dissolved CO, for fish and

shellfish health

 Well boats

* Recirculating Aquaculture Systems

* Wastewater greenhouse gas emissions



Dock Data - CO,-Pro CV

e ~1.5 days of continuous data collection in 0.2-0.5m of water at
the SERC Dock location

e Sensor measures Molar Fraction of CO2 in the optical cell, as well
as the gas stream pressure in equilibrium with the water

* Molar Ratio is NOT Partial Pressure which is the parameter used

to determine CO2 fugacity that is used in carbonate system
calculations

 Partial Pressure = Molar Ratio x in situ dissolved gas pressure



Dock Data - CO,-Pro CV

e CO2 molar ratio ppm CO2 uatm partial pressure
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Dock Data - CO,-Pro CV
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Marsh Data - Mini CO,,

» ~2 days of hourly data collection in 0.2-0.5m of water at the

SERC March location

* Sensor measures Molar Fraction of CO2 in the optical cell, as

well as the gas stream pressure in equilibrium with the water



Marsh Data - Mini CO,,
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For using CO2SYS in coastal waters, it was suggested to use the following:

Jiang et al. (2022):
https://www.frontiersin.org/journals/marine-science/articles/10.3389/fmars.2021.705
638/full

Table 4. Updated programs that are being released in this paper. All programs can
take total dissolved inorganic carbon content (DIC), total alkalinity content (TA), pH,
and carbon dioxide partial pressure (pCO,) or fugacity (fCO,), and each can take one
or more of carbonate ion content ([CO527]), bicarbonate ion content ((HCO57]), the
sum of dissolved carbon dioxide ([COy,y,]) and carbonic acid content ([H,CO;])
([CO,]), and mole fraction of carbon dioxide in a dry gas sample (xCO,). All programs
now allow the inclusion of hydrogen sulfide (H,S) and ammonium (NH,") equilibriain
the TA-pH equation. All programs now have their own uncertainty propagation
functions.

Program Version Link Additional
variables
C02SYS_v3.0 3.0 https://github.com/dpierr [CO4*]
_Errxism ot/
co2sys_x|
CO2SYS.m, 3.1.1 http://doi.org/10.52 [COs*],
errors.m 81/zenodo. 3950562 [HCOs ],
[CO, ]
PyCO2SYS 1.8.0 https://PyC02SYS.readth [CO:~],
edocs.io [HCOs],
[CO, ], xCO,
Seacarb 3.2.13 https://CRAN.R-p [COs~]
roject.org/ [HCOs],
package=seacarb [CO, ]



https://pyco2sys.readthedocs.io
https://pyco2sys.readthedocs.io

Example Standard Operating Procedures for LiCor Total Alkalinity and
Dissolved Inorganic Carbon IRGA Systems

The following SOP is provided by LiCOR as an example methodology for TA and DIC IRGA
systems. This information is provided as suggested guidelines for laboratory analyses.
Practitioners will need to tailor such procedures to their own needs, budget, and facilities.
Screenshots of the user interface may not be up-to-date.

SOP for Alkalinity measurements

1. Total alkalinity system comprises of the following components:
e Apollo SciTech Alkalinity Titrator: Model AS-ALK2

Thermo Scientific Orion benchtop meter

Orion 8102 BN - Ross combination pH electrode

Stir plates (x2)

Isotemp water bath - 2100

e Computer with TA software and connecting cables.
2. Chemicals, standards, and other apparatus required include:
o 0.IN HCI(8.5 ml conc. HCI + 29.5 g NaCl to 1.0 L with DI water)
o pH Buffer standards - 4.01, 7.00, and 10.01
o Glass syringes (zero dead-space)- 1.0 ml and 25.0 ml
0 50 ml beakers and magnetic stir bars
o Flow-through jackets to house two 500 ml bottles and one 50 ml beaker
o Flexible rubber or tygon tubing

3. Install syringes through their appropriate flow-through (FT)jackets on the Titrator.

4. Complete the constant temperature bath water loop by connecting the isotemp bath outlet to
all four FT jackets in series using flexible tubing. Outlet of the last jacket returns the fluid back
to the isotemp water bath (IWB)inlet.

5. Fill0.IN HClin the acid bottle and put the bottle in FT jacket. Add a stir bar in the bottle and
mount the FT jacket with bottle on a magnetic stirrer. Hook the acid line to the Tml syringe.

6. Connect pH probe to the meter and the meter and Titrator to the computer using appropriate
cables (BNC, RS232, and USB respectively).

Steps 3, 4, 5, and 6 are not required for the lab system already in operation. Just
ensure cables from the pH probe, Titrator, and pH meter are connected to computer;
there is enough HCI in the bottle; and water bath tubing are secured without leaks.

7. TurnonIWB and set the temperature to 22 °C. Start the flow.

Turn on the Titrator and the computer.

9. Fillaliquots of three pH buffers in three small vials and place them in the IWB for temperature
equilibration.

10. Put all sample bottles to be analyzed, and at least one CRM Alkalinity standard solution in the
IWB for temperature equilibration.

[00)



A minimum half hour must be allowed for temperature equilibration.

11. Start the program by double clicking on ‘TALK shortcut'’.

12.
13.
14.

Window shown in Fig. Twill appear displaying the last user name and data destination directory:
Change the user name if needed and click ‘Meaure’ box.
‘Initialize Wizard' window (Fig. 2) will appear. Do not change communication ports by clicking

on “Yes". Simply click on the ‘Next' box. System will initialize and communications between the
computer, pH meter, and the Titrator will be established. Click ‘next’ to go to the next step.
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Resulting menu box will show “digital pump will be flushed with acid once”. Ensure acid line is
connected to the acid bottle and the outlet is placed in a waste beaker to collect flushed
acid. Click next’.

pH calibration data of the last run will be displayed in the next window (Fig. 3). Accept if
appropriate, or choose ‘No" and click next. Window shown in Fig. 4 will appear.

Set the first buffer (4.01)in a beaker with 22 °C water from the bath and lower the previously
cleaned pH probe gently into the buffer. Set the pH meter to read EMF (mV) and read the value.
Wait until it shows a steady value over at least 30 seconds.

Buffer bottles must be checked to ensure the quality of buffer solution. If visible precipitate,
or growth seen, discard the solution. Buffer solutions must be renewed, if not every working
day, once a week.

Insert the EMF value in the window against 4.01(Fig. 4).
Repeat steps 17 and 18 for the remaining two pH buffers of 7.00 and 10.01 respectively. Click
next.

Following every change of buffer, pH probe should be adequately rinsed with distilled water
Before proceeding further, attach the acid dispensing tube to the pH probe such that the tip

hangs close to the lower end of the probe but half inch away. Secure it in that position with a
piece of para film, making sure para film is at least 2" above the lower tip of the probe.



21. Program will ask if you want to accept old value for acid concentration, or determine HCl by
titration. Select “determine HCI by titration”.

22. Next several steps will be self-explanatory with the program providing suggestions and
guidance. Follow each one properly and do as directed by the program. Briefly:

Place the CRM standard bottle in the sample FT jacket and insert the sample-line
attached to the 25 ml syringe, in the sample bottle.

Place the output line from the 25 ml syringe in the waste bottle.

At the end of the wash, place that line in a clean 50 ml beaker with a magnetic stir
bar.

Lower the sample beaker in the smaller FT jacket with adequate water level to cover
sample height in the beaker.

Start the stirrer. Adjust speed to form a few mm deep water cone at the surface -
typically at about 100 rpm.

Click ok. Titration will start. At the end of first titration, program will provide
directions to the next step. Follow the directions and complete at least three CRM
analyses. At the end of the third analysis, program will yield standard acid
concentration value and error.

If the errorisless than 0.1%, click “Accept”. Otherwise “Continue” for the fourth
analysis and then “Accept”.

To begin sample analysis, replace CRM bottle with the sample bottle and connect
the required tubing.

If the sample is seawater with S>30, click on the box “seawater sample (S>30)" as
shownin Fig. 5 and follow directions.

If the sample is with salinity less than 30, choose “know salinity sample” option and
type in sample salinity in the box (Fig. 5). An exact salinity value is not necessary.
Lower value is preferable. Value exceeding the actual salinity should be avoided.
Fillin sample ID in the box below salinity value and click ‘ok'.

When the analysis is complete and result displayed in the left side window, click on
“Repeat test” and follow directions to complete repeat analysis.

Ensure the second result is within 0.1% of the first value. If not, click on Repeat test
and make one more measurement. Continue until two consecutive results are
within 0.1%.
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When all samples are analyzed, analyze CRM standard again.

To end program, click on the top right icon “End Program” and follow the direction to
exit. Choose the flush syringes option.

Turn off the Alkalinity titrator and thermal baths as needed. Secure the pH electrode
per electrode guidelines.
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11.

12.

13.

14.

SOP for DIC measurement

Dissolved Inorganic Carbon (DIC) is measured by neutralizing a water sample with 10%
phosphoric acid and quantitatively measuring the evolved C0O, gas. The analyzer comprises
of the following units:

e DIC Analyzer: Apollo AS-C3

e LiCor7000

e [sotemp water bath 2100

e Computer with DIC software and connecting cables
Chemicals, standards, and other apparatus required include:

e 5% phosphoric acid (50 ml conc. H;P0, + 100 g NaCl to 1.0 L with DI water)
CRM Standard of known DIC concentration
Grade 5.0 Nitrogen gas
Kloehn syringe (zero dead-space) - 2.5 ml
Luer syringe - 30 ml glass
Nafion drying tube, with air circulation pump and a drying cartridge
Flow-through jackets to house two 500 ml bottles
500 ml beaker for collecting waste solution from the analyzer
Flexible rubber or Tygon tubing and connectors

Install the 2.5 ml Kloehn syringe at the syringe port of the 3-way distribution valve attached
to the analyzer.

Connect the computer to the I/0 port on the analyzer

Connect the gas line to the nitrogen tank.

Complete the constant temperature bath loop by connecting the isotemp bath water outlet
to the two FT jackets and the copper coil surrounding the Luer syringe, in series, using
flexible tubing and appropriate connectors. Outlet from the copper coil returns the fluid
back to the isotemp water bath (IWB)inlet.

Steps 3 - 6 are not required if the system is already connected and has been in operation

Place the drain tube from the analyzer in the waste beaker
Start N2 flow by opening the valve on the tank. Adjust the flow pressure to about 15 psi.
Turn on the analyzer and 10 seconds later the LiCor7000.

. Turn on the computer and enter the DIC software by double clicking the DIC icon. Screen

shownin Fig. 1will appear displaying the peak and settings from the last run.

Turn on the air circulation pump connected to the Nafion drying tube. Ensure this air
circulation loop is routed through the drying cartridge (filled with MgCI04).

Fill 5% phosphoric acid solution in the acid bottle and put the bottle in FT jacket. Insert the
acid inlet tube from port C of the 3 way distribution valve in acid bottle.

Place CRM standard bottle in the other FT jacket and insert the tubing connected to the
Luer syringe outlet in the bottle such that it is dipping well in the solution.

Turn on the isotemp water bath and set the temperature to 15°C. Start circulation.
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15. Allow at least 30 minutes to bring the acid and CRM standard solution temperatures to 15°C.

16. Carefully draw CRM standard in Luer syringe. Ensure there are no air bubbles in the syringe.
Draw enough volume of the standard to last calibration and CCV (continuous calibration
verification) needs. 25 to 30 ml is good volume.

17. Attach the syringe to port B of the distribution valve with appropriate Tygon tubing and
connectors. Remove the CRM standard bottle from the FT jacket and place a previously
cooled sample bottle inits place.

18. Inthe program window (Fig. 1) select “Connect/disconnect” from the top Control menu. This
action returns control of the analyzer to the computer and initializes the Kloehn syringe and
other system drivers.

19. From “Control” menu, select “Sample Analysis”. This will enable a single run of the CRM
standard. The step helps cleanup/fill sample and acid lines with appropriate solutions and
remove air bubbles.

20. Choose “Batch Process” from “Control” menu. A menu box shown in Fig. 2 will appear.

e Setupameasurement scheme as shown in “Scheme Name: a” of the box. New
parameters can be entered by clicking on a box and typing the numbers.

e Ensurethe solid black triangle in the extreme left column remains against line a. If
not, click in the box to bring the triangle on line a.

e Click on"Sample List” from the top menu. A box shown in Fig. 3 will appear.

Functions of #18-20 can also be accessed directly from the second menu line.
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e Setup calibration Standard ID and calibration volumes as shown in Fig. 3. Bring the
black triangle next to line 1(0.7 ml injection) and click on the “Sample
Measurement”. Analysis will start. Five injections of the standard at 0.7 ml will be
followed by five at 0.9 ml and then five at 1.1 ml respectively.

If the criteria set on “line a"” of Fig. 2 (ie. 5 measurements with at least 3 within 0.1%
variance) is not satisfied, automatic measurements will stop. The system will wait
for the operator to intervene - correct the error causing larger than tolerable
variance, or override the failure - and restart the sequence.

e When all three standard volumes are successfully processed, check the analysis
results by clicking on “Test Results” from the “File” menu. A Test Result box as
shown in Fig. 4 will display results of the analyses.

.
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e Enterthe calibration results in the DIC Logbook. Note down room temperature,
humidity, and the temperature of the isotemp bath.

21. Carefully remove the sample uptake tube, currently connected to the Luer syringe, and
insert it in the sample bottle after wiping the end with a clean tissue paper.

u "

e Returnto Batch Processing Setup box of Fig. 3 and click on "+ sign from the
bottom menu line. An extra line (Line 4) will be added in the box.
e Entersample ID on line 4 and set the volume to 1.0 ml on the last column.



Bring the black triangle on line 4, and click “Sample Measurement” box. Sample
analysis will start. Five injections and processing of sample will follow. New results
can be seen and noted by refreshing the “Test Results” box.

Continue with the remaining samples by following the above steps of Article 21,
each time altering sample ID info on Line 4 with the new ID.

22. At the end of the analyses, in order to ensure initial calibration did not change, run CRM
standard again by connecting the sample line to the Luer syringe with the Standard, setting
the triangle against Line 1 of the Batch Processing Setup box (Fig. 3), and clicking on
“Sample Measurement”.

23.

24,

It is a good practice to repeat continuous calibration verification check every 10 sample
analyses. It is also advisable to use a different CRM standard for such verifications.

At the end of the run, note down all the results in DIC Logbook. To export the data, use
“Export” option from the “File” menu. Specify the format and file destination for the export.
To shut down the instrument, first disconnect the computer from the analyzer by choosing
“Connect/Disconnect” option from the “Control” menu. Program will direct you to the next
few steps to clean sample and acid lines. Follow those. When completed,

Exit the DIC program

Switch off the analyzer - first LiCor 7000 and then AS-C3 unit.
Turn off the air circulation pump on the nafion tube.

Close the valve on nitrogen cylinder.

Shut down isotemp bath.

Clean Luer syringe so as to keep it ready for the next run.
Return CRM standard bottle to the refrigerator.



