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Educating Specialists

OCB-0OA Short Course ® Woods Hole, MA ¢ November 2-13, 2009
www.whoi.edu/courses/OCB-OA
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Educating Specialists

EPOCA, BIOACID, CalMarO and OCB training workshop on best
practices in OA research e Kiel, Germanye March 8-12, 2010
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Lab setup notes.
Red cabbage extract
Artificial seawater recip

WIAW UIS-0CD OT

iogeochemistry

WW.

Frequently asked questions
about ocean acidification

.oceanacidification org uk

UK Ocean Adidification
Research Programme

Ceroca

Ocean acidification is 2 new field of reseacch in which most stndies have been
prblished in the past 10 years. Hence, there are some cectainties, but many questions

Introduction

The name “ocean acidification” 12
cemain. Ocean is also a mwlts reseacch area that encompasses
sl 1 [ semm Ocean carbon chemistry 8 pH - 23| ¢ 5:05 such as chemistry, paleontology, biology, ecology, biogeochemistry, modeling,
. Measurements & Observations 4 and social sciences. Fucthermore, some aspects of ocean acidification raseacch, for
Teacher's setup Gesloges Bufferng s example the cachonate chemistry, are intricate and connterintuitive. For these reasons,
Student handout. oA Catsfon gy | themediaad the penecal public Sind some scientific issves o sesnlts confosing.
cation
Student workshed A& Phatosymthesis . The U.S. Ocean Cachon and Biogeochemistey (OCE; mww.s-och.osr) program,
5 supported by the Encopean Project on Ocern Acidification (EPOCA;

Research & disc Individuals & Ecosystems 74 . A Reseasch P

Student lab 2: Ocean a
Teacher’s setup
Student handout.
Student worksheq

Group demonstration: I

National science education s |
Teacher’s answer key.
Additional resources for teag
Acknowledgments.

OA in Geologic History
Scientific Methods
Geoengineering & Mitigation

Poiicy Development &

hitp://wrwrw.epoca-project.en/), and the UK Ocean
(http:/ S idi 0 org k), has compiled a kst of frequently asked
questions (FAQs). These questions were widely distribnted to the research commmai

ding

jagon. The eplies were then subject to an open peer-seview and revision process to

with the sequest to draft concise seplies cucseat k

ensnce readability without any loss of scientific acensacy. The cesponse of the

Contributors

was In total, 27 scientists from 19 institntions and 5 conntries

contributed to the whole process.

We do hope that this FAQ List will prove nseful and would Like to point out that it is an
on-going process. Anyone is invited to seek clasification or send comments to Sazah
Cooley (scooley(@whoi.edn). The st will be sevised periodically using this input and
d at 5. edu/QCB-OA/FAQs ,
ba! ho /FAQ htaal and www.,

orpnk

Jean Kleypas and Richasd Feely (OCB), Jean-Pierre Gattnso (EPOCA), and Casol
Tudey (UK Ocean Acidification Research Programme)

The name “ocean acidification™

The ocean is not acidic, and model projections say the oceans won't ever become acidie.
So why call it acean acidification?

Ocean acidification refers to the process of lowering the oceans” pH (fhat is, increasing the
concentration of hydrogen ions) by dissolving additional carbon dioxide in seawater from
the atmosphere. The word “acidification” refers to lowering pH from any starting point to
any end point on the pH scale. This term is used in many other scientific areas (including.
‘medicine and food science) to refer to the addition of an acid to a solution, regardless of
the solution's pH value. For example. even though seawater's pH is greater than 7.0 (and

[ therefore considered “basic” in ferms of e H scale), increasing atmospheric CO, levels

& are still raising the ocean's acidity and lowering its pH._ In comparison, this language is
it B, = similar to the words we use when we talk about temperature. If the air temperafure moves
[ o v e from -40°C to -29°C (-40°F to -20°F), it is still cold, but we call it “warming” — J. Orr,

C L. Sabine, R. Key
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Activities in progress

USASCIENCE
NOAA Ocean Today Kiosk SENGINEERING= -
Short Film %Qjﬁhf’gv ¥ CO,calc application

:}‘f@ for PC, Mac, & iPhone




" ° )l National Ocean Acidification Activities
" Legislative

March 15, 2010
EPA’s Federal Register notice seeks
comments on addressing OA under the Clean Water Act

April 22, 2010
Senate Commerce, Science & Transportation
Subcommittee Hearing

“The Environmental & Economic Impacts of OA”
Jim Barry — expert testimony

o

Envirannkenl amn
Pl MR Subon ST UIR L L ]
Yl o



| co.

National Ocean Acidification Activities

National Research Council Report
Ocean acidification: A national strategy to meet the
challenges of a changing ocean

e  Arobust observing network
J Research to fulfill critical information needs

Assessments and support to provide relevant
information to decision makers

AT
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@ RRAP

Ocean Research & Resources Advisory Pcnel
A United States Federal Advisory Committee

Ocean Research and Resources Advisory Panel (ORRAP) OA Task Force
escientists from all organization types

ediscuss national OA priorities, analyze federal plans
eformulate recommendations for ORRAP to give the federal agencies

Office of Science and Technology Policy




-----------------------

Acidification
: Task Force :
i (exp:03/2011) :

Committee on Ocean Policy
Chair: CEQ Chair

Interagency Committee on Ocean
Science and Resource Management

Integration (ICOSRMI)
Co-Chairs: OSTP & CEQ

Global Environment
Policy Coordinating

Committee

Subcomm. on Ocean Policy
Chair: DOS

NSTC JSOST
Co-Chairs: NOAA, OSTP, NSF

SIMOR

Co-Chairs: CEQ, NOAA, DOI, EPA




ORRAP Ocean Acidification Task Force

@RRAP

Ocean Research & Resources Advisory Panel

A United States Federal Advisory Committee

Major Tasks

Peter Betzer* (Chair) e Provide expert input to the ORRAP on issues

Dan Costa* ) e
Bj[,‘ Cg;,zn* relating to federal OA activities




JSOST Joint Subcommittee on Ocean Science and Technology

IWG'OA Interagency Working Group on Ocean Acidification

Office of Science and Technology Policy

Major Tasks (from the FOARAM act)

Develop a strategic plan for Federal research and monitoring on
ocean acidification

Ned Cyr (Chair)

NOAA
Prepare reports to Congress
V Chair) NSF P P g

tion and outreach among the relevant



National Ocean Acidification Activities

Agencies

eSpecial NSF call for OA proposals

e Submitted: 95 Research, 8 exploratory,

2 community building

*$12-15M over 5-10 years

*Support ongoing OA projects through core

*NOAA Research plan for OA
*Development of NOAA OA program office



International Ocean Acidification
Activities

L]
iNCC @@
INIERGOVERNMENTAL panEL on Climate chanee WHO UNEP

Guide
5th Assessment Report to best practices

ior ocean acidification
research
and data reporting

ation THE FACTS

-
.'lf

Coming soon:

T *FAQ-based summary

" UK Ocean Acidification n
. Research Programme




International Ocean Acidification
Activities
SOLAS-IMBER Working Group on OA

Planned activities

eCoordinated observation network
Joint platforms and facilities

eCollaboration between natural and social sciences
d postdocs
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CO2calc application for PC and Mac
desktop and iPhone*

L.L. Robbins, M. Hansen,
J.A. Kleypas, and S.C. Meylan

In beta testing mode
See Joanie Kleypas for

Sample

Name Date _ Latitude (decimal degrees)
optional 1/ 172000 E] optional
Comment Time _ Longitude (decimal degrees)
optional 11:00:00 AM E] optional
%hpub-( Results 1
Physical Data Carbonate Data Qutput Conditions
Salinity (ppt) TA (umol/kgSW) t°0)
35 choose 2 of 5* 34
t("C) TCOz(umol fkgSW) P (dbars)
22 choose 2 of 5* optional
P (dbars) pH (chosen scale) T
10,1325 8.1 pCO, Air (uatm)
fCO; water (uatm) 380

Nutrient Data

Total P (umol /kgSW)

optional

Total Si (pmol/kgSW)

optional

choose 2 of 5*

Windspeed (knots)

pCO; water (patm) optional

300

*Enter any two except ®
both fCO; and pCO;

CO, constants: K1, K2 from Mehrbach et al, 1973

KHSO,: Dickson
pH scale: Seawater scale

[ Change Constants... ]

( Batch Processing... :1 [ | Record to .csv E Process 3 [ Clear :]/
o




‘" The purpose ... is to

present a consensus
research strategy for
NOAA to advance the
understanding of the
impacts of ocean
acidification and to
address related
challenges to local and
national ecosystems and

communities.
])



THEMES

1 Monitor
Develop the monitoring capacity to quantify and track ocean

acidification and its impacts in open-ocean, coastal, and Great
Lakes systems

2 Assess
Assess the response of organisms to ocean and lake acidification

3 Forecast
Forecast biogeochemical and ecological responses to
acidification

4 Manage

Develop management strategies for responding and adapting to
consequences of ocean acidification

5 Synthesize
Provide a synthesis of ocean and Great Lakes acidification data
and information

6 Engage

Provide an engagement strategy for education and public outreach



Research Plan

. OA moorings
1 Monitor =
Coral reef monitoring sites

OA sensors on NOAA research vessels & VOS ships

2 Assess Single species experiments
Multi-species mesocosm experiments

Test/evaluate existing global & regional models
3 Forecast Develop high resolution physical-biogeochemical-
ecosystem models

Coastal early warning system




