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“Between 2005 and 2009, disastrous production

failures at Pacific Northwest oyster hatcheries

signaled a shift in ocean chemistry that has profound

implications for Washington’s marine environment.”

Washington Blue Ribbon Panel on Ocean Acidification 2012
2014 PMEL Lab Review
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How CO, in seawater affects marine life
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Socioeconomic implications of ocean acidification

‘@ In Washington State alone:
o,

The shellfish aquaculture industry is worth $270 million per
year and employs more than 3,200 people.

Recreational shellfish harvesting contributes another S30
million per year to the state.

The seafood industry generates 42,000 jobs and
contributes $1.7 billion to gross state product.

Shellfish are an important natural resource and of cultural
importance to Washington’s tribal communities.
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Washington Blue Ribbon Panel on Ocean Acidification 2012
2014 PMEL Lab Review



2009 - FOARAM Act passed by
Congress

2010 — NOAA OA Research Plan, PMEL
heavy contributor

2010 — NOAA Ocean Acidification
Program officially starts, first
NOAA OA funding to PMEL

2014 — Interagency Working Group on
OA releases Strategic Plan

2014 PMEL Lab Review

Strategic Plan for Federal
Research and Monitoring of
Ocean Acidification

eiarcir 2014




Relevance to NOAA Goals AP

J OCEAN ACIDIFICATION PROGRAM

"~ NOAA Ocean Acidification NOAA Next Generation Strategic Plan
Program Themes

e Improved scientific understanding

. e Assessments identify impacts, inform
Adaptahon decisions

IMPROVE and Miﬁgaﬁon e Climate-literate public

ENGAGE 03 \/ e Improved understanding of ecosystems

V Oceans e Sustainable fisheries, safe seafood

MANAGE FORECAST

e Resilient coastal communities
@0laglag blgltnl=ly ¢ Improved coastal water quality

& Economies




=
Key questionSg~"
* How rapidly is ocean carbon’
chemistry changing?

 What will the effects be on marine
ecosystems and the human
communities that depend on them?
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Open-ocean observations
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Ocean acidification in global ocean basins

Anthropogenic CO, inventory Saturation state depths

Aragonite Saturation Depth

Latitude

Anthropogenic
co.

Latitude

2
£ (umol kg-1)
3
Latitude 30°E  60°E  90°E 120°E 150°E 180° 150°W 120°W 90°W 60°W  30°W 0°
Sabine et al. 2004 Feely et al. 2004

Key findings:
* Oceans had taken up roughly half of the anthropogenic CO, emitted between 1800 and 1994.
* Acidification driven by this uptake causes saturation horizons to shoal by 1-3 m/yr.

2014 PMEL Lab Review




. First coastal observations of ocean acidification

May-June 2007
% @
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Key finding: Feely et al. 2008

 Water undersaturated with respect to aragonite was observed upwelling to the surface along northern
California coast, decades sooner than expected based on open-ocean observations and models.

2014 PMEL Lab Review 11



Key findings:

* Since 2008, we have
observed pCO, values
over 3000 ppm near
the surface in Hood
Canal.

2014 PMEL Lab Review

Ocean acidification in estuaries: Puget Sound

Quality
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Key findings:

* Since 2008, we have
observed Q, . values
as low as 0.26 in

Puget Sound.

Pressure (dbar)
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Ocean acidification in estuaries: Puget Sound
Quality
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Oyster production declines with elevated CO, f\i — ﬁ} %s»
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Photos: G. Waldbusser, E. Brunner <[t

Key outcomes: .
* Break-even point identified between o e
net growth and mortality. Barton et al. 2012

e Larvae have smaller shells with signs of dissolution at lower saturation states.

* Monitoring at hatcheries facilitates adaptation strategies.
2014 PMEL Lab Review
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Seasonal predictions of coastal chemistry
Quality

Oxygen (ml L") SST (deg C) pH
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Key result: First seasonal forecast of pH and aragonite saturation state (Q

large-scale patterns and most of upwelling season patterns quite well.

) in 2013 captured

arag
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?-‘: s':J::'E.Z :‘E J [[SAQ) siedieckiet al. in prep, using empirical
2014 PMEL Lab ReVieW  uw coustal Modeling Group CENTER relationships from Alin et al. in prep 15




\: Policy linkages from shellfish-science partnership
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Washington State Blue Ribbon Panel on Ocean Acidification

Ocean Acidification:
From Knowledge to Action

2014 PMEL Lab Review

Performance

 Washington State Blue Ribbon Panel on
Ocean Acidification — Outgrowth of
partnership with shellfish growers (2011-
2012)

* West Coast OA & Hypoxia Science Panel —
California, Oregon, Washington, and British
Columbia (2013—present)

. The West Coast -
Ocean Acidification & Hypoxia

Science Panel
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Performance since 2008

Partnering with over 100 international
scientists from 30 countries to build a
global observing network for OA.

Deployment of 21 OA moorings with two
carbonate system measurements.

Leading West Coast OA cruises in 2011,
2012, 2013.

Continued carbonate measurements in
Puget Sound.

Surface pCO, and pH measurements on
West Coast and Alaska fisheries and
research cruises.

See poster by Cathy Cosca for details.

[®OS
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Creating an OA observing system

Global OA Observing Network (GOA-ON)

~ @ Deployed Mooring @ Planned Mooring A Float/Pier/Time Series Station i_h
== VOS/SOO Cruise == Ship-Based Time Series/Hydrographic Cruise ’

Cathy.Cosca@noaa.gov
1 I I I I I I U I I

180° 140°W 100°W 60°W 20°W 20°E 60°E 100°E 140°E 180°

AV‘ http://www.goa-on.org
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Discovering impacts on species and ecosystems

Pre-industrial Present-day

Photos: N. Bednarsek

Key findings:

 We are observing dissolution impacts on zooplankton in the field, with implications for
marine food webs.

e See poster by Nina Bednarsek for details.



Outreach, education, and science facilitation
Performance

CARBON PROGRAM CONTACTUS = PARTNERS | INTERNAL | SITE MAP

Home Research Observations Outreach & Education Data Portal People News

CO; absorbed from the atmosphere

OCEAN ACIDIFICATION

How WILL CHANGES IN OCEAN L
CHEMISTRY AFFECT MARINE LIFE?

+ COs32) > 2 HCOs

carbonate 2 bicarbonate
ion ons

FEATURES NEWS 6
Map & DATA
VIEWER|

OceaN ACIDIFICATION

- -
'
?; E New OA website ... Oceanic CO2 in the Tropica ... tome
- ‘A new online resource Wednesday, March 26, 2014 and
brings together OA Natural cycles and anihropogenic many marine organsms.
infogr 2 combine to cause rapid change
P, an .

(¢

A primer on pH X-Prize $2 million pH sens ... Mission
Monday, September 09, 2013 -

e ol | hangiven i To advance our scientific understanding of the ocean carbon cycle and how it
the concentration are resulting in higherlevels of is changing over time in support of NOAA's commitrment to improve the

22 Nation's ability to anticipate and respond to climate impacts and to conserve
RN VA Today: Howi RIS 62 and manage healthy oceans, coastal ecosystems, and marine resources. Our
International Workshop  Tuesday, Apri 02, 2013 research includes documenting the evolving state of the ocean carbon
0 Develop an Ocean USA Today released a special report hemistry with high qualit s on ships and aut Jath
Ac\dmcat\%n Observing  on ocean acidification mpghhgmmg chemistry with high quality measLrements on ships and atonomous platforms,

= Netw the work studying the processes controling the role of the ocean in the global carbon

cycle, and investigating how rising atmospheric CO and climate change affect
the chemistry of the oceans and its marine ecosystems.

OCEAN ACIDIFICATION PROGRAM

WENDY SCHMIDT )/’ .
Global Ocean Acidification OCEAN HEALTH p R I z E
Observing Network

Turning the Tide on Ocean Health

2014 PMEL Lab Review
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Into the future...

Photos: G. Waldbusser, E. Brunner
* Maintain and strategically expand the OA observing system.

* Incorporate new sensors and platforms into GOA-ON.

* Facilitate better chemical observations through partnerships and outreach.

* Expand partnerships with biologists and modelers to understand processes and impacts.
» Support policy and water quality monitoring/regulation community.

2014 PMEL Lab Review



