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* The need for air-sea gas transfer velocity (example for global CO2)
* Wind speed parameterizations of k

e Direct observations of the flux (GasEx and more)

* COARE micro-meteorological k parameterization

* Addition of other gas flux observations into COARE

e Investigations of solubility and bubble effects

* Operational application of the COARE gas transfer parameterization
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The need for k
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Wind speed (m/sec)

Physical flux: <w'x’> =
Gas flux: <W'X'> =
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GasEx-98 cruise in the North Atlantic (~June 1998)
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Quadratic, Cubic, relationships with U

Parameterizations of the Transfer Velocity, ks
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Honsd 2l

R

%) Development of a micro-meteorological

—— —parameterization for gas transfer velocity,
* Based on COARE bulk flux algorithm

-

Xy = concentrat_lon _|n the water |:X =W X' = axkx(xwr /ax _ Xar)
X, = concentration Iin air

Oy = XWS / Xas

Express k in terms of water-side and 1
air-side RESISTANCES, R k., =[R,, +o,R..]

R will express transfer processes

Gases reactive in water
Chemical enhancement factor 8
For large B, k becomes a deposition velocity X
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: Expressions for resistances

Bubbles enhance transfer on k, =[(R,; +k,) " +a R, ]
ocean side
Air-side resistance U, Ry =[h,Se? +C'? =5+In(S, /(2x))]
Water-side resistance U Ry = /o0 ! . [0, S5? +In(z,, 15,,)]
. . 13.3 . ‘

A Is adjustable constant h, = A Soloviev & Schlussel ‘94
@ is a buoyancy function

Bubble velocity (woolf) Kk, =VEOWbagl[lJr(eaXSC\,%/z)_l/”]

B is adjustable constant

_ | _ W, =3.8*10°U**
W, is whitecap fraction
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Applied COARE gas parameterization

A and B adjustments

GasEx-1998 GasEx-1998
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GasEx-01 cruise in the Equatorial Pacific (~Feb 2001)
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Huebert and

Atmospheric Pressure lonization Mass Spectrometry
DMS transfer velocity (kdams): All Projects
(Sc = 660)
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Increase data set, develop range of solubilities, elucidate the physics, etc
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Transfer Velocity from Corrected Cospectra
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Highlights the need to include solubility in k parameterization




Temperature effects of bubble-solubility normalization
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How to discern bubble vs. interfacial transfer for field observations of the flux?
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.A sJ 3 —
artitioning of wind stress into tangential and form drag components
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k (Sc = 660, cm/hr)

NOAA Earth System Research Laboratory Review - Boulder, Colorado

140

120

100

80

60

40

20

—— SO-GASEX DMS
— Ho et al. 2006

B SO-GASEX He/SF

— McGillis et al. 2001
® SO-GASEX CO,

= COARE DMS @ Sc=660

March 9-12, 2010 Pagel6 @




#2550, Natienal Crocanography
%@. Centre, Southampton

NOAA/COARE revised = ™~

Woolf, D.K. 2006. Recent developments in parameterization
of air-sea gas exchange. Flux News, 2,. In Press.
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Wave stateeff
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For a given wind speed, A drops for older waves (partitioning/breaking)
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Helmig — INSTAAR, Universr
O5;-NO-chemiluminescence
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GasEx- 98
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Transfer Velocities usin
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Gas Transfer Sensitivity to:

*Solubility

*Wave breaking

*Bubbles

*Tangential vs Pressure
(wave) stress

*Surfactants

*Temperature

*Complex chemistry

*Biology
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Summary

*Progress on observational capabilities for air-sea gas flux observations
sInstrumentation
*Suite of gases

*Progress on development of comprehensive gas transfer algorithm
*Gas transfer velocity determined at forcing scales
*Development needed for bubbles/whitecap range

«Significant gaps exist in understanding gas exchange at high winds
*Bubbles
*\Wave state

sUnderstanding of surface and boundary layer biogeochemistry is needed
*Ozone deposition
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