Wind, buoyancy and fetch dependent gas transfer
velocity in an Arctic sea-ice lead determined from eddy
covariance CO, flux measurements

John Prytherch
Dept. of Meteorology (MISU), Stockholm Uni.

+ many collaborators including:

Brett Thornton, IGV, Stockholm Uni.
Margaret Yelland, NOCS, UK

Ian Brooks, Uni. Leeds, UK

Michael Tjernstrom, MISU, Stockholm Uni.




4, Wind form drag from ice floe edges

== \Nanninkhof, '14

---Wanninkhof,'92 ; ‘ 3. Short period gravity waves
Wanninkhof & McgGillis, ‘99 i and interactions with ice floes
Naegler et al., '06 4
Sweeney et al., '07

- - -Nightingale et al., '00a

—Nightingale et al., ‘'00b
Wanninkhof et al., '04
Ho et al., '06

== McGillis et al., '01
McGillis et al., '04

- --Weiss et al., '07
Liss & Merlivat ‘86
Woolf, '97
Wanninkhof et al., '09

@ Global C14 constraint

1. Shear in
the ice-ocean
boundary layer

2. Buoyant convection/stratification

Loose et al., 2014, OS

century

decade -

year -

season T

month -

day -

hour -

k in sea-ice regions:

challenges minute S




= Ky
n
. kRn(f >0.95)

|
A
=
0 4 6

-1
Ujp(ms™)

|
r

Loose et al., 2017, JGR

k in sea-ice regions:
observations



Prytherch et al., 2017, GRL

. kR

n
. kRn(f>0.95) o F COzise
o Fegp (1-8IC/100)

o F CH4ise

meas

meas

—1-SIC/100
— L14, wave
L14 wave + ice
v Rutgers van der Loeff et al., '14

40 60
sea-ice concentration (%)

‘ 1]
| /
- / I
f’ //
IIIH|||
0 4 6 8

-1
Ujp(ms™)

Loose et al., 2017, JGR

k in sea-ice regions:
observations



Prytherch et al., 2017, GRL

=k
n
. an(f >0.95)

o FmeaSCOQise
o FCOQ-(1—SIC/1OO)
o F CH4ise

meas
—1-SIC/100
— L14, wave
L14 wave + ice
v Rutgers van der Loeff et al., '14

[ @ this study (NBP)
[ Takahashi et al [2009]
A Loose et al. [2014]

[ —linear scaling

Loose et al., 2017, JGR

0.4 0.6
fraction of open water, f

k in sea-ice regions:
observations

Butterworth and Miller, 2016, GRL




k in sea-ice regions:
impacts

Linearly scaled k in seaice: 130 + 110 Tg C yr!

Yasunaka et al., 2018, Bg
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Open lead 2.5 m flux tower

Lead surface Closed-path (CO,) and open- Heated 3D sonic
temperature sensor (IR) path (H,O) IR gas analysers anemometer
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Lead dimensions and flux footprint
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Wind driven k in a sea-ice lead

>> In leads, k reduced
relative to open ocean
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AQ2016 open lead mast FFP flux footprint 10% contours

08/28, 1842

U =7.56 m/s, dir=219"
FP open lead = 69 %
FPice=31%
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Fetch dependence

Relatively large fetch and high winds: small
breaking waves and whitecaps observed.

Fetch dependence is FP model-dependent.

No FP model validated in a sea-ice environment.

Ho et al, 2006 (DTE, ocean)
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AQ2018 open lead mast FFP flux footprint 10% contours

. Fetch dependence

08/28, 18:42
U =756 m/s, dir =219°
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Buoyancy
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Associated with autumn freeze-up
and winter lead opening.

Summer convective periods occur
during (infrequent) clear-sky
conditions

B=H*gaC; 'p~!

H* = SHF + LHF + LW + SW
e.g. Maclntyre et al., 2009 L&O




Conclusions

* Observed wind-speed dependent k in a sea-ice lead, but reduced
~30% relative to typical ocean values

* Buoyancy-driven enhancement of k observed during surface
cooling periods associated with clear-sky conditions

* Relating fluxes, forcing and measurements across a range of scales
is a challenge

Thanks for listening!




Challenges of working on sea ice

Flux mast aluminium boxes
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SWERUS-C3 gas transfer rate
Siberian shelf seas, 2014

Open ocean CO, fluxes (k) agree with bulk
parameterisations.

CH, fluxes from seeps: footprint vs
pCH,w measurement location

FGGA CO2 mean = se, n = 260
FGGA CH4 mean = se, n =28
open-path CO2 mean = se, n = 69
Wanninkhof, 2014
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Icebreaker Oden eddy covariance CO, CH, flux system

« Operational since 2014 (5 Arctic expeditions to date ... )
« Motion-corrected winds (Edson et al., 1998, JTech; Prytherch et al., 2015, ACP)
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