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Core Themes:

1.

Greenhouse
gases and the
oceans

Air-sea interface
and fluxes of

mass and energy

Atmospheric
deposition and
ocean
biogeochemistry
Interconnections
between
aerosols, clouds,
and marine
ecosystems
Ocean
biogeochemical
controls on
atmospheric
chemistry

SOLAS is an international research initiative aiming
"to achieve quantitative understanding of the key
biogeochemical-physical interactions and feedbacks
between the ocean and atmosphere, and of how this
coupled system affects and is affected by climate and
global change."

* Integrated topics (e.g., upwelling systems, polar
oceans, coastal waters, Indian Ocean)

« Evaluating the environmental efficacy and impacts of
geoengineering

e Science & Society: impacts of ship-plume emissions
on ocean biogeochemistry, blue carbon, open-ocean
stewardship
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» Atlantic Meridional Transect (AMT) program

» Decade of ocean and atmosphere CO,
measurements

Air/sea CO, Flux = KAfCO,

K = Gas Transfer Velocity
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Wind speed control of gas transfer?

calm moderate wind
(buoyancy) (shear stress)

rough

(waves, bubbles)

[ Global 14C constraint, Naegler et al (2009)
I Best fit to all dual tracer data, Ho et al (2012)
=--- Liss and Merlivat (1986)
= = Edsonetal (2011)
= = Nightingale et al (2000)
=== Sweeney et al (2007)
Goddijn—Murphy et al (2013)
EC CO2, GasEX98, McGillis et al (2001)
EC CO2, SOGasEX, Edson et al (2011)
EC CO2, Knorr07, Miller et al (2009)
EC DMS, PHASE-I, Marandino et al (2007)
EC DMS, Knorr'07, Miller et al (2009)
EC DMS, Knorr'08, Marandino et al (2009)
EC DMS, Knorr'11, Bell et al (2013)
EC DMS, synthesis of campaigns, Yang et al (2011)
EC DMS, SOAP, Bell et al (2015)
Radon deficiency data, Bender et al (2011)
all Dual Tracer data
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Eddy covariance flux measurements

Flux = KAC
K = Flux/AC

» Direct measure of flux using covariation in vertical winds and
gas concentrations

» Tool for understanding processes controlling K

» Validation of other flux estimates (e.g. from satellite)



PML e Penlee Point Atmospheric Observatory (PPAO)
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» Meteorology and air/sea CO, and CH, fluxes
» Gases (SO,, 05, CO,, CH,)

> Periodic aerosol number and size distribution
» Aerosol composition

» Rainwater collection

tt:/w.wterncnelobservatory.org .uk/penlee/
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Biogeosciences Discussions

» Continuous measurements = good
statistics!

» Opportunity to investigate processes
in the flux ‘footprint’

» What controls K other than wind?
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PML | (oo Timeseries process understanding vs. spatial coverage
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Air-sea CO, flux (gC m day!) for August 2000
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PML | Dmoynarin Conclusions and Recommendations

» Conclusions:
Long-term continuous eddy covariance measurements offer opportunity to:
1. Investigate processes controlling CO, air/sea fluxes
2. Validate satellite products and test inversion model estimates

» Recommendations:

CO, / Gas Exchange:

Distributed network of continuous flux measurements?

Atmospheric CO, retrievals (XCO,) — use with inverse models?

Make use of other satellite data products to interpret gas flux measurements
(waves, bubbles, surfactants)

Application of geostationary satellites to timeseries stations?

Can we decouple retrievals of wind speed from retrievals of waves/sea surface
scattering?

Other ‘SOLAS-topic’ recommendations:
Improve satellite retrievals of concentrations and fluxes of other gases (e.g.
DMS)
Assessment of ship emissions (particles, SOx, NOx) and impacts on ocean
biogeochemistry — new global IMO regulation in 2020
Links between ocean ecosystems, aerosols and clouds (e.g. NASA NAAMES)



[E\ Air-sea CO, fluxes from atmospheric inverse analysis
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CO, Observations

INVERSE MODEL

LETKF-GEOSChem
Local Ensemble Transform Kalman Filter
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North Atlantic Seasonal
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Use of shipboard CO, measurements
provide improved North Atlantic flux
estimates in comparison to use of
surface site data alone

Could satellite XCO, data constrain
estimates further?
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PML |z CO, air/sea exchange estimates from satellite
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