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» Determination of gas transfer & G@uxes
» Gas Transfer - wind speed relationships
-How they are determined
- Current uncertainties

» Recent estimates of global air-sea GlOxes
- Global climatolog

- Interannual variability
» The impact of different wind speed products
(NCEPII vs.“Atlas’ winds)
- Global biases
- Variability

\> The effect of different parameterization of gas tansfey
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The Gas Transfer Velocity

The gas transfer velocity is a proportionality factor or kinetic
driving force relating air water concentration differences of a
gas to air-water fluxes:

F=kACQO, =k K, ApCO,

k = [length time!] obtained from a relationship between gas transfer and wind
ApCC,: from measurements and interpola
interpolations aided by empirical relationships
of factors affecting pCOSST, productivity,
eddies, mixed layer depth
models

Turbulent layer

self-organizing maps ' Offusivesublayer

. Diffusive sublayer
k is also referred to as: | uswesublayer

Piston velocity
Gas exchange coefficient e
Gas transfer coefficient
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Conceptual design for :jetermining regional fluxes

In situ sampling
pCO,, S8T, SSS

Remote sensing
SST, color & wind
Soon S8§
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How is the relationship between k ang,determined

1. Local studies using natural or purposeful gaseous tracers
(response time day, scale: 107 km))

North Sea & Southern Ocean
West Florida Shelf e Southern Ocean2
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a North Atlantic & Georges Bank
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Equatorial Pacific
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Summary of dual deliberate tracer experiments

2. Micro-meteorological methods (co-variance, gradient)
(response time hour, scales 1 km)
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How is k determined? (cont)

Global Bomb!“C constraint

Scatterometry and Climate

Semi-infinite

INTERIOR

Half space

Kay

sfer vel geity
m/hr
5=7.4 m

OCEAN —

CO, EXCHANGE RATE

/=0.064 mol/m? yr pLatm
OCEAN ey
MIXED LAYER

75 METER

[ eppy

DIFFUSIVITY
=2.4 cmz/s

Broecker and Peng (19¢

Transfer velocity
K,, =17 cm/hr
U, ,=7.8 mi/s

Adapted from Colm Sweeney




cmh™)

k

660

m k660 (NS) e Kk 660 el 0 (SF6TLD)'
o k660 (FSLE) ¢ k660 (GB)
a k660 (GE98)' 0.26 Un2 — -3cmihr
m k660 (IRONEX)' --@--D
& k660 (SOFeX) - —-0.1*U
] —— 10 -+ 0.064 U2
I s N [ 0.011*U"3
| = k660= 3 +0.1*7.68+C*71.95+0.011*783.39 /
80 . g A Globalk .';
" o — 0.236U"2 / i
60 . 60
L < i
¢ £
° O,
40 - * .- - x% 40 -
[ ]
[ AR ,
20 o - 20
I Nl Z
L ‘ ° (] L
0 T P B S | T N 0 ‘%-"',
5 10 15 20 25 0
-1
U10 (ms )

Empirical relationships with wind:

or. hybrid model

K is proportional
to wind stress
Kee= 0.26 <d> Keg= 3 + 0.1 <u> + 0.26 <& + 0.011 <>
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Kqiobal IS CONStrained:

Kgloba= @ <U> = constant

SO:
If <u®> changes so must “a”
higher resolution wind leads to smaller “a”

L11802 NAEGLER ET AL.: EXCESS “C AND AIR-SEA GAS EXCHANGE L11802

Table 1. Characteristics of the Five Wind Speed Climatologies Used in This Study: Global Annual Mean Wind Speeds Over the Ice-Free
Ocean () and {uz}, Resulting Gas Exchange Parameter a, for Different Temporal and Spatial Resolutions, the Product a,, - {uz}, and the
Global Annual Mean Piston Velocity k (Calculated According to Equation (2))"

Parameter Unit NCEP ECMWF SSMI QSCAT ERSI12 Mean £ o a/Mean
(1) m's 6.6 7.0 7.8 7.9 7.3 7.3+ 06 0.08
(u”) (m/s)” 46.9 53.1 65.0 66.4 57.1 51.7 + 8.2 0.14
a, (monthly winds, 5% x4° grid) (cm/hr)/(m/s)” 0.40 0.35 .29 029 0.34 0.33 +£ 0.05 0.14
a, (monthly winds, 1° x1° grid) (cm/hr)/(m's)” 0.39 0.34 0.28 0.27 0.32 0.32 £ 0.05 0.14
a, (daily winds, 1° % 1° grid) (cm/hr)/{m/s)* 0.38 0.33 . - - - -
a, - () emv/hr 18.1 17.9 18.2 18.1 18.4 18.1 £ 0.2 0.01
(k) cm/hr 16.6 16.2 16.4 17.3 16.9 16.7 = 0.4 0.02

*Note that for the satellite wind speed data sets (SSM/I, QSCAT and ERS1/2), no daily resolution with full global coverage is available. (), (1°),
gy {ul} and (k) are calculated from monthly winds on a 1° » 1% grid.
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40°N Net flux into ocean = 1.6 Pg C¥r
20°N 1979-2005 NCEP-DOE AMIP-II
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Net CO, flux anomaly(Gt C yr™)

Current estimates of global air-sea 30xes
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Impact of winds: NCEPII vs. “Atlas”

2 ~
<U?>ycepn = 1.25 <U> 5

A cross-calibrated multiple platform ocean surfaded data set (Eos, vol. 90, #27, 7 July 2009)

Robert Atlas, Ross N. Hoffmann, Joseph Ardizzonec
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Patterns of wind speed biases

Feb. 2000 Differece of 002 flux (NCEP - Atlas)

2 month'1]

0.3

[mol Cm

EgPac: NCEP- more evasion
High latitude: NCEP- more uptake
Two processes reinforce each other
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Ratio of <U,*>/ <U,>*

b.2000 <U o~/<Y, > for NCEP
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Regional differences in fluxes for NCEP Il and “Atlas”
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Air-Sea CO, fluxes versus wind speed

Efflux at low winds

Invasion at higher winds
Very high winds have
Limited impact due to limited
frequency

“Atlas” winds (2"9 moment)
significantly lower then
NCEPII

The maximum invasion flux is
at lower winds
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Feb.2000

Difference in functionality
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Small differences in functionality can lead to significant
differences in global fluxes

ux (Pg year')

co,fl

— k=024 U?
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Kego[CM hri]=3 + 0.1 Y,+0.064 Y2+ 0.011y3: 1.16 Pg C yt

\ Kego[CM hri]=0.236 UZ? 1.3 PgCy
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/ Conclusions

» For quadratic dependencies between gas transfer and wind,
the 29 moment of winds should be used & rather than
the mean (<U>)

» Gas transfer velocities- wind speed relationships should be
scaled to the global meaffZnoment of the wind product
use(

» Global wind products show regional differences that will
iImpact global COfluxes.

» Differences are accentuated by the regional distinct (and
wind speed distinct) direction of fluxes
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