OCB and U.S. CLIVAR: Scientific Questions
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How can we take better advantage of scientific synergies
& leverage common observational approaches?




Time/Space Scales of Observational Platforms
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-Individual platforms have strengths & weaknesses
-Integrate multiple approaches with models & process studies
-Growing promise of autonomous platforms
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Human Perturbation to Global Carbon Cycle
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Sur'face Temperqture Global Mean Temp. Anomalies
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-CO, emissions (social, political, economic, geological)
-atmospheric CO, (carbon sinks, climate-carbon feedbacks)
-climate sensitivities (clouds, water vapor)
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Cumulated Ocean Uptake (GtC)
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-Ocean slows climate change by removing atmosphere CO,
-Under climate change ocean less effective in removing CO,
-Observational constraints on uptake & sensitivity to climate

Friedlingstein et al., J. Climate, (2006)
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Repeat Hydrography/CO, Pr'ogr'am
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Ships allow for suite of full-depth physical,
biogeochemical & tracer measurements

U.S. Repeat Hydrography (ushydro.ucsd.edu), Go-ship (Go-ship.org) .«
International Ocean Carbon Coordination Project (www.ioccp.org)
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Canthro : estimated on the basis of the
AC* method of Gruber et al., GBC, 1996
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Inventory CFC-11 below 2000 m

N. Gruber, ETH Zurich
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Decadal Changes in Carbon Inventory
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Linear trends 1993-2010
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Subannual to Interannual Variability

ASea Surface Height (SSH) ACarbon Inventory .
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Johnson et al. Oceanography 2010
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Depth (m)

Depth (m)

PACIFIC ATLANTIC
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Stramma et al., Science, 2008

-Oxygen loss from warming & altered circulation
-Expansion of the regions with hypoxia
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Underway Data & Sea-air CO, Flux
Sampllng DenS|ty - Sea -Air CO, Flux
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CO, Flux (Pg C yr')

Observations, Inverse Models
& Forward Models
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Satellite Ocean Color & SST

ime-mean SeaWiFS Chlorophyll Linear Trend SeaWiFS Chlorophyll
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Area of Low Chlorophyll
)X 10’ Global
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Detecting Trends &
Natural Variability

Record Length to Detect Climate Trend

-Present observational record (red) is too
short to definitively detect climate signals

Henson et al., Biogeosciences, 2010 1 ™,
Yoder et al., Acta Oceanol. Sinica, 2010%/ I\ §




Projected Climate Impacts on Productivity

218t Century Change in zonal
integrated primary production
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stratification; reduced nutrients
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Ocean Carbon
& Biogeochemistry

&

\&/US.CLIVAR ',

Some Final Thoughts

-Circulation, heat & biogeochemistry

coupled on seasonal to decadal scales

» detection & attribution of secular trends

 mechanisms & feedbacks

 other biological & chemical data (e.qg.
bio-optics)

-Opportunities

e autonomous sensors & platforms
 distributed networks (quality vs. quantity)
* deep-water trends (ships?)

« data assimilation & reanalysis

-Challenges of sustained observations
« climate quality data

« funding models

e social dynamics
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Ocean Acidification

CO, + H,0 — IEBMTT; + H,0 = BHECD? —» HCO,

| |

[CO,][COz-]
000 50 300
8.2 pH : —
E *30% aC|d|ty N 40 B 240
_ : W16% [COY
8.1 COg [ 3] -
- 30 } 180 3
3 S
Q g
i L 20 | 120 LET
[ XY
2100
7.9+ ;. == ; I
i A100-150% 10 60
¥ 50%
7.8 T T T T T T 0 - 0
1800 1900 2000 2100

Year
Wolf-Gladrow et al. (1999)

%,
Pad \ T
S

\

s} A

= l' =

n N =1

2 / L\ 5

Q‘,? o
1930

2



@
=)

pH (total scale, in situ)
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Climate change
(winds, temperature, sea
ice, precipitation, runoff

and ocean circulation)
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Overarching OCB Scientific Themes

* Oceanic uptake and release of atmospheric CO,
and other greenhouse gases

« Climate sensitivities of biogeochemical cycles and
Qeean Carpn iInteractions with ecosystem structure

& Biogeochemistiry

Current Research Priorities Most Relevant to CLIVAR
*Ocean carbon uptake and storage

*Ocean acidification

*Expanding low oxygen zones

Climate sensitivities of and change in ecosystem
structure & associated impacts on biogeochemical cycles




Int. CLIVAR Imperatives (2010-2014)

' | -Anthropogenic climate change

-Decadal variability, predictability & prediction
-Intraseasonal/seasonal predictability & prediction
-Earth system models (atm. & ocean components)
-Data synthesis & analysis

-Ocean observing system

Relevant U.S. CLIVAR Scientific Topics
\ » Atlantic meridional overturning circulation
$P/us.cLivar®, ° Deep ocean hydrography
mcrmhrnirerss o Qcean data Analysis/reanalysis

* Decadal variability/predictions

* Climate Process Teams (CPTs)

* Southern Ocean

e Carbon & marine ecosystems




Overlapping OCB-CLIVAR Science

« Impact of changes in circulation & heat
content on carbon sources/sinks

« Coupled physical/biogeochemical
processes governing future ocean heat,
Soamachame carbon sources/sinks & ecosystem

& Biogeochemistry

structure
* Responses of ocean carbon

“-r"l-lﬁ GLWA“ X sources/sinks to anthropogenic forcing
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