S@Olt? The Surface Ocean CO, Atlas (SOCAT)

+ SURFACE OCEAN CO, ATLAS -

www.socat.info enables detection of changes
in the ocean carbon sink
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Global carbon dioxide (CO,) Budget

Global carbon dioxide budget
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Le Quéré et al., 2014. Global Carbon Budget 2014. ESSDD 7: 521-610.



crosaL carson  Fate of anthropogenic CO, emissions (2004-2013 average)

PROJECT

8.940.4 PgC/yr  91%
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Calculated as the residual
of all other flux components

26%
2.60.5 PgC/yr

Source: CDIAC; NOAA-ESRL; Houghton et al 2012; Giglio et al 2013; Le Quéré et al 2014; Global Carbon Budget 2014



http://cdiac.ornl.gov/trends/emis/meth_reg.html
http://www.esrl.noaa.gov/gmd/ccgg/trends/
http://www.esrl.noaa.gov/gmd/ccgg/trends/
http://www.esrl.noaa.gov/gmd/ccgg/trends/
http://www.biogeosciences.net/9/5125/2012/bg-9-5125-2012.html
http://onlinelibrary.wiley.com/doi/10.1002/jgrg.20042/abstract
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http://www.globalcarbonproject.org/carbonbudget/

Ocean CO,

CO.Time Series in the North Pacific

uptake promotes ocean acidification
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Ocean CO, uptake decreases pH and the saturation state
For the calcium carbonates aragonite, calcite.
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Aragonite saturation state
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Ocean acidification will promote large
changes in marine ecosystems
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Anthropogenic carbon dioxide (CO,) emissions
affect global climate and the global oceans
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UN Climate Summit — 23 September 2014, New York
Photo by Brian Ward, University of Galway, Ireland



CO, flux (GtC yr )

Global Carbon Budget

' For 2004-2013:
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Le Quéré et al., 2014. Global Carbon Budget 2014. ESSDD 7: 521-610.



The ocean CO, sink and its uncertainty

Data-based methods Ocean biogeochemical models
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Mean ocean CO, sink? (2.6 +0.5PgCyr?, 2004-2013)
Riverine carbon inputs? (0.45 + 0.2 PgC yr1)
Year-to-year variation?

Trend in ocean CO, sink?

Regional variation?

(Landschiitzer et al., 2014, Le Quéré et al., 2014)



Surface water fCO, observations
on Ships of Opportunity

" Atmosphgrie'sampling tube
GPS system

//’dﬁzz\ Electronics/detector

Seawater system

Fugacity of CO, (fCO,) and partial pressure of CO, (pCO,)
fCO, =y pCO, = [CO,] / K0

(v ~ 0.996-0.997)

Schuster and Watson (2007) JGR



A North Atlantic CO,
observing network

— | e—

2002-2004 (Cavassoo), 2005-2009 (CarboOcean),
2011-2015 (CarboChange), ICOS?
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+SURFACE OCEAN CO, ATLAS -

Slide by Andrew Watson



Seotlt? Surface Ocean CO, Atlas

+ SURFACE OCEAN CO, ATLAS -

www.socat.info
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2007: No public, global fCO, data set. Many formats, many data not public.
SOCAT: Surface ocean fCO, (fugacity of CO,) in uniform format with quality control;

2011: SOCAT Version 1: 1968-2007, 6.3 million fCO,, 1851 cruises;
2013: SOCAT Version 2: 1968-2011, 10.1 million fCO,, 2660 data sets;

(Bakker et al., 2014, ESSD)



S@G‘lt? Surface Ocean CO, Atlas

+ SURFACE OCEAN CO, ATLAS -

www.socat.info
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Surface ocean fCO, (fugacity of CO,) in uniform format with quality control;
*|ndividual data set files;

*Global synthesis product for the global oceans and coastal seas;

*Global gridded products, no interpolation (1° x 1° global, %4° x %° coastal);

Public access via http://www.socat.info/;

Interactive online viewers (Live Access Server);

Various formats, e.g. text, NetCDF, Ocean Data View, Matlab;
Documented in 3 ESSD articles.



http://www.socat.info/

Earth System

Science

iData

3% Documentation and data policy

Earth Syst. Sci. Data, 5, 125-143, 2013 § Earth System
www.earth-syst-sci-data.net/5/125/2013/ ¥ Science
doi:10.5194/es5d-5-125-2013 €
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seetlt? Surface water fCO, per decade

+ SURFACE OCEAN CO, ATLAS -
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SOCAT version 2 (Bréviére et al., in prep; Bakker et al., 2014, SOLAS News)



55
S®C4t Seasonal data coverage in SOCAT

www.socat.info
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Repeat observations on Ships of Opportunity stand out.

Poor data coverage in much of the southern hemisphere oceans.
Lack of winter data in high-latitude oceans;

Increasing coverage of Arctic summer data.

Bakker et al. (2014) ESSD



t/P SOCAT near the continents (2000-2009)

SURFACE OCEAN CO, ATLAS -

www.socat.info

Number of data sets with fCO, values per 1° x 1° grid cell (2000-2009)
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S SURFACE OCEAN CO, ATLAS -

www.socat.info

Additional parameters

Salinity and sea surface temperature (SST) in SOCAT are not quality controlled.
SOCAT encourages data providers to submit high-quality salinity and SST.

SOCAT will accept additional surface water parameters, accompanying fCO, data
(e.g. CH,, N,O, DIC, TA, pH, nutrients) from version 4 onwards. These additional
parameters will not be quality controlled and will be reported in separate files.

The SOCAT data policy will be revised to state that data providers should be invited
for co-authorship in regional studies.

Community Event,
Bergen, Norway,
23 June 2014
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+ SURFACE OCEAN CO, ATLAS -

www.socat.info

Version 3, QC starting soon

300 4
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200 +
150 -
100 -

0 lemmmmoo0loelaoa. .m”‘“."‘”.”‘”‘”.”.”‘”‘”.”ﬂ. H 1NN RAR1ST

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH

~1850 data files from 1957-2013 (50% new) for QC.
Revision of QC flags for sensor data;

Update of quality control system;

Quality control by regional groups (asap, 3 months);

QC webinars / meetings (20-23 Oct 2014, Seattle, others?);
Early release (spring/summer 2015);

Public release (September 2015, SOLAS OSC, Kiel)



S@G‘At Inclusion of sensor data in SOCAT v3

+ SURFACE OCEAN CO, ATLAS -

www.socat.info
Table 3. Proposed cnitena for dataset quality control flags of the SOCAT database version 3.0
 Encourage calibration of sensors; Flag criena
e Revision of data set quality control e
(4) Metadata documentation complete
flagsl based On accuracy’- (3) Dataset QC was deemed acceptable
B (1) (1) Accuracy of calculated fCO2, (at S5T) 15 better than I pa
e Update metadata forms for ) Followed spproved methodo SOP artera
. . (3) Metadata documentation complete
SenSOFS (Callbratlon!); (4) Dataset QC was deemed acceptable
. o . I C (13) (1) Accuracy of calculated fCOy,; (at S5T) is better than 5 patm |
* Identification of platform type; (0 Followed approved methods SOP crera

(3) Metadata documentation complete
(4) Dataset QC was deemed acceptable

| D (14 (1) Accuracy of calculated fCO,, (at SST) is better than 5 uatm I
(2) Dnd or did not follow approved methods/SOP cntena
(3) Metadata documentation incomplete
(4) Dataset QC was deemed acceptable

E{lT (Primarily for alternative sensors)
(13 Accuracy of calculated fCOzy, (at S5T) is better than 10 patm
NEWW (2 Didnot follow approved methods/SOP criteria
(3) Metadata documentation complete
(4) Dataset QC was deemed acceptable

NA..NF Submitted data to SOCAT that has not undergone independent dataset quality
(version 4) control as indicated by the “N™. The NA though NF are the flags provided by the
submitting group

Wanninkhof, R., Bakker, D. C. E., Bates, N., Olsen, A., Steinhoff, T., and Sutton, A. J. (2013) Incorporation of Alternative Sensors in the SOCAT
Database and Adjustments to Dataset Quality Control Flags. Recommendationnewsensors.pdf. doi: 10.3334/CDIAC/OTG.SOCAT_ADQCF.



S@Mt? Update of QC system

+ SURFACE OCEAN CO, ATLAS -

File Edit View History Bookmarks Tools Help
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Update of SOCAT QC system
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Update of SOCAT QC system for version 3 (part of SOCAT automation);
Quality control: As soon as tests complete, 3 months.
(Figure by Kevin O’Brien)



seotlt? Quality control by regional groups

www.socat.info

Coastal Seas: 30°S to 66/70°N,  Hales, Alin, Cai

Arctic: north of 66-70°N  Mathis

North Atlantic: north of 30°N Schuster

Tropical Atlantic: 30°N to 30°S Lefévre

Indian Ocean: north of 30°S VVSS Sarma

North Pacific:  north of 30°N Nojiri

Tropical Pacific: 30°N to 30°S Cosca

Southern Ocean: south of 30°S, Tilbrook, Metzl

Global Bakker, Currie, Kozyr, Metzl, O’Brien,

Olsen, Pfeil, Pierrot, Telszewski

Interested to join the QC effort? d.bakker@uea.ac.uk
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Automated data upload, version 4

Kevin O’Brien, Karl Smith, Steve Jones, Alex
Kozyr, Biva Shrestha, Ranjeet Devarakonda,
Benjamin Pfeil, Are Olsen, Steve Hankin,
Denis Pierrot et al.

Seawater system

Preview data set
prior to submission

data files

Data submissionl
to SOCAT QC




5004? Automated data and metadata upload

SURFACE OCEAN CO, ATLAS -

Dashboard

| metadataentry- ome |

| data column checker |

data files
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After a slide by Kevin O’Brien and Karl Smith, NOAA-PMEL




+SURFACE OCEAN CO, ATLAS -

Eile Edltrwew History Bookmarks Tools Help

[£] SOCAT Upload Dashboard +

€ | @ dunkel pmel.noaa.gov-8580/SacatUploadDashboard/#SHOW_DATASETS

My SOCAT Version .Datasets

Upload
Datasets Expocode ¥ Upload Date  Data
00BB00111210 2014-06-18 1521 2074-06-18 15:00
Identify

Columns

Submit for

Preview
Dataset

After Kevin O’Brien, Karl Smith

LT T

CER 4 Fmt
Win

Stat e 1 ® | (pa T

Ercddatition |31 # | (Do *

Suluct

Indirvidust Cruise(s)
* brpotode

Fhar

et 11T

by Mtadats

by Seasan

by Wasiuble

by Vald Data

My asbictions

Ll s = KCIAILIIG

Camiaton Vv | gl Barn| o e

S ke ot o snes | Bumrat

DATA SET: SOCAT V3 D56 Fies @

VAR LRBLE: Y02 rectrmended (uatm)

16-Mow-1968 00:00 to 25-Dec-2011 000

QPNGAF LRL: WHp: i Ounkel. prd.nosa gov bbb e adap tat e dap

= 1 axpocode , 1395 pownts shown

[T

Ble [ ew Higtory Bockmarks ook Hedp
[ LS Comniation Vrwess Betal =

brien Logout

Owner

-| k.obrien

Apply | Abgertoes it b reireoearnsed 111

st Sedoction:
T -
asatctionof 1

‘Colored by <

esvrn

e
DATA SET: SOCAT V1 DSG Fias ©

1570-01-01} colored by expocode
OFENDAP UFL: pel,

C02 recommanded (uatm) vs time (seconds snce

* YEAR ; 2010
* 1 expocode , 20487 points shown

LAS 8. (Feirel 6.92 NOALPMEL




5904? Submission to SOCAT QC
and make original data public

File Edit View History Bookmarks Tools Help

(= [ © ]

.
@ SOCAT Upload Dashboard I'k"'

(-_ dunkel,prnel.noaa.gow.8530/SocatUploadDashboard #F5UBMIT_FOR_QC [ Ev Google pe lr ﬁ ﬁ’ E @ - = @ A
Submit Datasets for QC / Manage Archival Logged in as k.o'brien Logout
Datasets:

+ 0OBBOO111210

Archival plan for the uploaded files for these datasets:
@ archive at CDIAC at the time of the next SOCAT public release  more ...
1 archive at CDIAC as soon as possible  more

' do not archive at CDIAC; | will manage archival myself more
(and ! undarstand it is my responsibility to include DOIs in SOCAT metadata)

[ I give permission for these datasets to be shared for QC assessment and archived as indicated above.  more

oK Cancel

Slide by Kevin O’Brien and Karl Smith, NOAA-PMEL



Automated data upload, version 4

Automation meeting (Seattle, 21-23 Oct’ 14)
Tests automated data upload (autumn14)

Data submission system live (early ’15)

Preview data set

data files

Data submission
to SOCAT QC




t/P Scientific applications of SOCAT

+ SURFACE OCEAN CO, ATLAS -

> 56 peer-reviewed scientific articles (2014-24; 2013-20; 2012-3; 2011-2;
2010-6; 2009-1) and 3 book chapters (2014-3) cite or mention SOCAT.

publications

Reference to SOCAT data set or fCO, 30
measurements

Use of SOCAT tools 1
Figure of fCO, data distribution 5

Regional fCO, in process studies, incl. of ocean 4
acidification and genomics
Coastal CO, sink estimates 4

Data—based fCO, maps and ocean CO, sink 8
estimates
Model validation 6

Regional pH trends



Mapping of surface ocean fCO,
for air-sea CO, flux estimates

A mapping method

<

2]
Surface water fCO; (patm)

~ A SOCAT data product
2% (synthesis or gridded)

Surface water fCO,
(here 1998-2011)

[mot e m? )

Air-sea CO, flux
(here 1998-2011)

The (spatial/temporal) variability in data-based air-sea CO, flux estimates can
improve land CO, flux estimates by atmospheric inversion (Rédenbeck et al.,
2014). (Figures Bakker et al., 2014; Landschiitzer et al., 2014).



Surface Ocean pCO, Mapping
Intercomparison (SOCOM)

(lead Christian Rodenbeck)

Mapping methods
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Bridging data gaps

— Interesting complementarity




Ocean CO, sink from data-based methods

Data-based methods Ocean biogeochemical models
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* Global ocean biogeochemical models
underestimate spatial and temporal
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Model-data comparison

p— 0.1 ) = cCcsMIiI-BOGCM
© 02 (e) ETHK15
SJ’ = ETHk1D
.— CCEMI.1-BEC
TU _ u MICOM-HAMOCCE A
. = MEMOZ2 3-PlankTOMS
& C o
o ;
O i6 .
cC e 0.7 %J_h
N N ; '5'/
: %
; 3
R 1 08
= o o
= . i
3 * L
= |:|.' g
3 anl'o
g S ‘
ﬁ e D m} .‘ 'i"ﬁ"u
-
X ; . - .
- : : - [_ﬂ 0.95
= A - R Y [
o Global
m Afiantic Highlat. . ..-40.00
& pflantie-low lat.:
...~ o Pacific High lat.
: & Pacific Low lat.
o fin /:.\‘ Southem Ocean
o T T i T
0.0 05 1.0 1.5

O Perfect comparison



Swtjp Model validation, US West Coast

+ SURFACE OCEAN CO, ATLAS -

Model

Observations
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Model does better for far-
offshore than for
nearshore.

G. Turi et al.: Spatiotemporal variability and drivers of pCO, and air—sea CO; fluxes in the CalCS (20 14)
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S®C4t Long-term observations

‘No substitute exists for adequate observations.
‘Models will evolve and improve, but, without = EPa et
data, will be untestable, and observations not
taken today will be lost forever.

‘Today’s climate models will likely prove of little
interest in 100 years. But adequately sampled,
carefully quality controlled and archived data
for key elements of the climate system will be
useful indefinitely.

CO, flux [PgC - yr]

Wunsch et al. (2013) PNAS 110 (12) 4435-4436; I R

Bryden, H., 2014 Challenger Medal Lecture; — "
Bakker et al., 2014; Landschitzer et al., 2014. rcumm -
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5@@4’(? Conclusions

SOCAT is a powerful data synthesis product documenting the ocean carbon
cycle.

Applications include:

e Quantification of the ocean CO, sink (e.g. Global Carbon Budget, SOCOM);
e Assessments of ocean acidification;

e \Validation of ocean biogeochemical models.

SOCAT has >> 100 contributors. Contribute to and/or use SOCAT. Acknowledge
the contribution of the data providers, e.g. by invitation to co-authorship,
notably in regional studies. d.bakker@uea.ac.uk.
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SOCAT Is a community activity!
>100 data contributors, group leads,
guality controllers and data

managers!
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http://www.google.com/imgres?q=University+of+Washington&hl=en&client=firefox-a&hs=nfh&sa=X&rls=org.mozilla:en-US:official&biw=1920&bih=929&tbm=isch&prmd=ivnsm&tbnid=_vYA_VoxpvYDzM:&imgrefurl=http://depts.washington.edu/lumines/&docid=F4Ybi6Q07q9HlM&w=2285&h=2285&ei=63RmTp6pLebbiAKj1pzECg&zoom=1&iact=hc&dur=149&page=1&tbnh=115&tbnw=115&start=0&ndsp=64&ved=1t:429,r:1,s:0&tx=119&ty=113&vpx=318&vpy=102&hovh=225&hovw=225
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