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PMEL Carbon Group

Mission: advance our scientific understanding of the
ocean carbon cycle

Why?: key to society’s ability to anticipate and
respond to climate and its impacts

Outline

* Qverview of carbon observations

* Relevance of ocean carbon research and obs
e Accomplishments

e Why PMEL?

e Future directions
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ER PROGRAM (GO-SHIP):

Observations + g |

_ Guideto Best Practices for
Develop new technologies } S i

10CCP REPORT No. 8

(e.g. carbon wave glider)

Establish methodology and standards
(e.g. community standard analytical methods)

Play leading role in building and maintaining the networks
(e.g. US and international GO-SHIP)

Research Observations Outreach & Education Data Portal People

IpCC
N « climate change

Manage, QC, and archive data
(e.g. www.pmel.noaa.gov/co2/)

CLIMATE CHANGE 201355
. 3 @ ’:;a .?\

Create data synthesis products
(e.g. SOCAT, RECCAP)

Contribute to climate assessments
(e.g. IPCC)
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Relevance
o N futurerth
Global community effort ngnRPhpg‘;m b

Global Carbon Project goal: Develop a complete picture of the global carbon cycle

U.S. interagency effort & Vo
U.S. Carbon Cycle Science Program goal: Provide a scientific strategy for conducting federal
carbon research

NOAA/OAR/PMEL effort
NOAA long-term goal: An mformed society anticipating and
responding to climate and its impacts

2014 PMEL Lab Review 6



Relevance

To support this goal, the PMEL Carbon Group:

* maintains long-term carbon observations to improve our
understanding of the changing climate system

* contributes to data synthesis efforts and assessments

* engages in outreach to the public on ocean carbon issues

NOAA/OAR/PMEL effort "
NOAA long-term goal: An mformed society anticipating and
responding to climate and its impacts

2014 PMEL Lab Review
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The Ocean CO, Challenge

Is the ocean sink keeping pace with atmospheric CO, increases?

10— fossil fuel and cement from energy statistics -
i land use change from data and models 1

i residual land sink 1

I measured atmospheric growth rate 1

5 | [ ocean sink from data and models i

L emissions

partitioning

Annual anthropogenic CO, emissions
and partiticning (PgC yr ')
=

10 —

1750 1800 1850 1900 1950 2000 IPCC AR5

Year



Current estimates of anthropogenic
CO, ocean uptake range from
2.0-2.5PgCyrt

ocean is keeping pace
with atm. CO, increases

ocean is NOT keeping pace
with atm. CO, increases

Sustained observations and modeling
are necessary to answer this question

CO, flux (Pg C yr'")

The Ocean CO, Challenge

Is the ocean sink keeping pace with atmospheric CO, increases?
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Wanninkhof et al. 2013, Biogeosciences, RECCAP
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Sustained ocean carbon observations
constrain: 15 A A
—_ /N SN A
1 TTTNIEE T L E o T e\ .
1) surface ocean CO, flux (e.g., SOCAT g -2° A AN e R
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and Takahashi climatology) X N/ J TSN S
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synthesis of GO-SHIP observations) “ minversion
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Next 5 slides show examples of these efforts: Year

examples of quality and performance

The Ocean CO, Challenge

Is the ocean sink keeping pace with atmospheric CO, increases?

Wanninkhof et al. 2013, Biogeosciences, RECCAP




Accomplishments: surface

o »
“Ervmouer™ Mean Annual Air-Sea Flux for 2000 [Rev Dec 10] (NCEP II Wind, 3,040K, I'=.26)

Takahashi C02 Climatology: o 240 67 80 100" 120° 140" 60° 100" 160 140" 120 100" U 60 0 20 @ 2
a baseline for air-sea fluxes .’ - T
and the premier constraint . |

for models = 4

Takahashi et al. 2009, Deep
Sea Res. Il
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Observations: Ship of opportunity program led by PMEL and AOML
contributes 50% of global surface ocean CO, data in SOCAT

socdt”

Science: Global air-sea flux estimate based on observations is -2.0 £ 0.6 Pg C yr!
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Mooring CO,
location, mean,
and variability 20°.
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Observations: PMEL mooring data account for 75% of “alternative S%
platform data in SOCAT

Science: Developed new autonomous, climate-quality method for tracking surface CO,
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Accomplishments: surface

La Nina El Eiﬁo

El Nifio Modoki

Ashok and Yamagata 2009, Nature
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All surface CO, observations: Feely et al. in prep
JCOssw (uatm)
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1985

Observations: Sustained a >30 year surface ocean CO, time series in the Tropical Pacific

1990 1995 2000 2005 2010
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Accomplishments: surface

Mooring observations: Sutton et al. 2014, GBC
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Science: Quantified decadal variability, i.e., a 10-14% increase in CO, flux since 1998

14



Accomplishments: interior

2010 column inventories (mol m) of anthropogenic CO,: Khatiwala et al. 2013
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Observations: Carbon observations from repeat hydrographic sections provide one method
necessary to quantify the ocean sink of anthropogenic CO,

Science: Ocean has taken up 37 Pg C or about 30% of CO, emissions between 1994 and 2010

2014 PMEL Lab Review



Accomplishments: interior

Change in pH between 1991 and 2006 from CLIVAR/WOCE P16 cruises: Byrne et al. 2010, GRL
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Observations: Carbon observations have laid the groundwork for the field of OA

Science: 1%t basin-wide direct observations of declining pH (average of -0.025)
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Infrastructure and expertise that support innovation of high-
quality sustained observations
(e.g. leveraged platforms, EDD)

Established partnerships within PMEL that provide linkages
through all stages of research
(e.g. collaborative cruises, data management expertise)

Flexibility to leverage and build off of our observing infrastructure
(e.g. connection with Cls and other partners)

2014 PMEL Lab Review
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PMEL Carbon Group collaborators since 2008:

Helmholtz Centre for Ocean Research
Scripps Institution of Oceanography
Antarctic Climate and Ecosystems Cooperative Research Centre

International Ocean Carbon Coordination Project ..

e ——zz. Oregon State UnlverS|ty

British Antarctic Survey . LMz e cher Wetterdienst University of Colorado  Noethwest Fsheries Scionce Conter o vt M E L

NOAA Natlonal Cllmatlc Data Center  bahousie University Laboratoire des Sciences du Ciimat et de LEnvironment - . UanErSItY of Bergen f—
Leibniz Institute of Marine Sciences NOAA Natlonal Weather Service Y2eUriversty, Lamont DOherty Earth Observatory aton Analyss

Carbon Dmxnde Informanan Analysls Center

 Jopliedhysis Laboratory - Environment Canada === At|antic Oceanographic and Meteorological Laboratory =gt

Commonwealth Scientific and Industrial Research Organisation Seperaive nsiie for Rsearin Emironmental siences
= Rosenstiel School for Marine and Atmospheric Science - "Q;ﬁrknest tharl:ltre':( fgr Elir:(late Research
niversity of Alaska Fairbanks ===
University of East Anglia Woods Hole Oceanographic INStitution junweesciose ssoncy University of Hawalt at Manoa
Joint Institute for the Study of the Atmosphere and Ocean viversiy of Souh rica Jap“‘; “ﬁemy for "r"l;’ o Ea"r': Sge"rfe ;“d Technology "=
University of New HBS::I)::::W of Victoria UnlverS|ty Of waShlngton ;;r;v;g‘:lv:l;—c—rsny ollsSC|cg{:ned§uc$\ology M%st?reys Bay%qu?rlug\ Rese;;;ch In:tltute

""""""""""""" Univer sly of Ge " Australian Bureau of Meteorology University of Maryland
NASA Goddard Space Fllght Center ionce and Technology National Institute of Water and Atmospheric Research
National Institute for Envi tal Studi
Bermuda Institute of Ocean Sciences  Farth System Research Laboratory o o s l}',,ﬁe‘,’;,‘e ,',:’:,':‘g:,:a,,e ke
ey ot o JetPropulion Labor

" National Oceanography Centre

Data from Scopus. Word cloud from wordle.net.
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Future Directions

), Approach Anthr CO; flux  Uncertainty  [AV® savt Trend
e &
EivmoumeEN " PgCyr! PgCyr! PgCyrl (PgCyr )
decade !
Empirical | —20 +0 .62 I 020 0.61 —0.15
OBGCM —19 +0.3 0.16 038 —0.14
Atm Inversion -21 +0.3¢ 0.40 041 —0. 13
Ocean Inversion ~24 +034 05/
Interior (Green function)® -22 +0.5 - - —0.35
oyNg -22 £0.6
0N 25 £07

Wanninkhof et al. 2013, Biogeosciences, RECCAP
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Ocean Carbon future direction: increased spatial
coverage via new autonomous technologies to 40°
lower uncertainties in air-sea CO, flux estimates
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Future Directions

Climate change
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Upwelling
. . ture
Ocean Carbon future direction: expand carbon dlimate change o o
observations and research in the Tropical Pacific Increasing frequency of extreme El Nifio events

to better understand long-term change due to greenhouse warming

Wenju Cai'?*, Simon Borlace', Matthieu Lengaigne®, Peter van Rensch', Mat Collins*,
Gabriel Vecchi®, Axel Timmermann®, Agus Santoso’, Michael J. McPhaden®, Lixin Wu?,
Matthew H. England’, Guojian Wang'?, Eric Guilyardi*® and Fei-Fei Jin'®
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Summary

Relevance
Is the ocean sink keeping pace with atmospheric CO, increases? How does a changing

ocean sink impact society’s ability to anticipate and respond to climate change?

Quality
We are a center of excellence for high-quality and cutting-edge carbon observations.

Performance

We've contributed to major advancements in our knowledge of ocean carbon:

* observations suggest the ocean is not keeping pace w/ CO, emissions growth rate

* based on the repeat hydrography observations, ocean has taken up 37 Pg C or about
30% of CO, emissions between 1994 and 2010

 discovery of decadal variability in CO, flux from the Equatorial Pacific, the largest
natural oceanic source of CO,
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