SUPPLEMENT A

Article: “Numerical tools to estimate the flux ofgas across the air-water interface and

assess the heterogeny of its forcing functions.”
Publication: Ocean Science.

by Vasco M. N. C. S. Vieira

1. air-air concentration conversions

The more accurate definition ppmrefers to number of molecules of solute to million
molecules of solvent, or number of moles of soltdemillion moles of solvent.
However, when working strictly with gases, a gascemtration in the air is often
expressed irppmin a volume context which is also equivalent ® partial pressure.
The ppm measurements expressed in both contexts are éentivas theAvogadro’s
Law states that equal volumes of gases, at the samgetature and pressure, contain
the same number of molecules. Hence, because @s gagial quantities of solute and

solvent occupy equal volumes, expression (Al) sside:
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However, it is often wanted to convert the gas eatration intomotm™ or gm®. It is

so when it is wanted to estimate the air-waterriate gas fluxes, which are usually
given in units ofmotm?day’ or gm?day’. To estimate the gas concentration in
molm* the volume occupied by the air mixture in the demator of expression (A1)

must be determined exactly. To do that (expresaé®@nthe ideal gas law is used in the



form V= nRT/P, whereR is the universal gas law constant (8.31447RaK mor?), T
is the temperature in Kelvitk], P is air pressure in Pasc#ld), V is volume (®) andn
is the amount of molecules6l). Furthermore, to convert @m™ the moles of solute

must be multiplied by its molecular weights (gmol™) as in equation (A3).
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2. air-water concentration conversions

CO; is representative of a broad class of gases thabtlhave a liquid state at natural
conditions. CQ does not have a liquid state at pressures beldairb passing directly
from gas to solid at -P& at latm Thus, it is always a gas dissolved in water dason
why its concentration measurements and units mey te confusion. If it is expressed
in ppm in the molar fraction context, in order to convdrtto different units the
expressions in (A4) must be used, where the dexadapis in the left column, the units
are in the right columny,, is the molecular weight of water apgis the water density.
Alternatively, the concentration of a gas in a ma$swater is often given as its
equivalent atmospheric partial pressure (@monm) would both mediums be at
equilibrium. Such is the case of the concentratbi©O, in water measured with the
Infra Red Gas Analyser (IRGA) and floating domehtaque (Frankignoulle 1988,
Frankignoulle et al 2001, Frankignoulle & BorgeD20Borges et al 20Q4). These
concentrations of COin water in units of equivalent atmospheric panisessure (in

ppm in equilibrium are converted into concentratidn@O, in the water in units of



mol.m? by taking the steps in expression (A5), wherep is the Henry’s law constant

for the given water temperature and salinity in @guid/Pgas form in units of
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3. Using the IRGA

To validate the model, COluxes across the air-water interface were measatehort
time intervals. This was done with the floating dormand IRGA methodology
(Frankignoulle 1988). It required a floating dorhattisolated a fixed volume of al)
over an areaA) of the water surface. The GQartial pressurepCQ,) inside the dome
was measured at short time intervals) (Using the Infra Red Gas Analyser (IRGA). It
evolved asymptotically to equilibrium with the watkeneath. The first part of the
evolution curve was considered sufficiently appnexie to linear and thus its slope was
a measure of the GQariation inside the dome iippmAt. To convert it to the flux in
motm?s® the ideal gas law was applied (equation A6) kegdim mind that air
temperature is in Kelvin and air pressure is incBasWhen the evolution curve

stabilized thepCQO, was considered in equilibrium with the water. Imagiice



convergence to stabilization was so slow that theetive transport could bring a water
mass with a different C{concentration beneath the floating dome. Therefoegher
stabilization would occur nor would it be represgine of the earlier conditions. To
solve this problem a degasification column (alsitedaequilibrator) was used allowing
a fast and accurate estimate of the wate©, at the time of the CPOflux estimate.
(Frankignoulle et al 2001). To convert it to the £On the water inmotm?
multiplication by the Henry’'s law constant is negde the Gate/Pair form and for the

specified temperature and salinity.
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