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Global distribution of Air-Sea CO> flux

Mean Annual Air-Sea Flux for 1995 (NCEP 41-Yr Wind, 940K, W-92)
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k vs U
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Global air-sea CO> flux
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* Cubic 60% greater uptake than quadratic
* Impact is larger in high latitudgs . . .
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Question 1

What is the dependence of k on
wind speed In open water?



Question 2

What Is the effect of sea ice
on gas exchange?



Eddy Covariance Methods
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Cameras

 Port and starboard
cameras

* 1 image/ sec
* Roughly 2.5 million/ per
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Open water and sea ice zone
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Gas transfer velocity
(open water)

---Liss and Merlivat (1986)
- = Wanninkhof (2014)
150 — Wanninkhof and McGillis (1999) — GasEx 98
= this study (NBP)




Gas transfer velocity
(open water)

l:~-Liss and Merlivat (1986)
L == Wanninkhof (2014)

150+ — Wanninkhof and McGillis (1999)
- =—this study (NBP)

Kopen = 0.245 Uyop” + 1.3



Air-sea-ice gas exchange
model]
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Air-sea-ice gas exchange

model
k sum of:
* Mean square Wind
wave slope speed

&, Buayant convection'stratification

Shear

- Sgrface, rengwal

o (17E

Buoyancy

Requires: U, SST, T,,, ice speed, salinity, sea ice concentration

Loose et al. (2014)



Gas transfer velocity
(sea Ice zone)

—open water (NBP); n=1726
—ice -= 0t00.1; n=690
~—ijce - 0.1t0 0.3; n=138

ice -=0.3t00.7; n=138
—ice - 0.7t00.9; n=113
—ice - 0.9to 1;




?
Kesr / Kopen = fraction of open water

—linear scaling
O Takahashi et al. (2009)
+ @ this study (NBP)

0.4 0.6
fraction of open water, f




Evaluation of air-sea-ice
gas exchange model

—linear scaling

[0 Takahashi et al. (2009)
@ this study (NBP)

A Loose et al. (2014)
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Evaluating the Loose et al. (2014)

(open wa(iier limit)

---Liss and Merlivat (1986)
- = Wanninkhof (2014)
150 — Wanninkhof and McGillis (1999) — GasEx 98
—this study (NBP)
—Loose et al. (2014) — open water limit




Evaluating the Loose et al. (2014)

(open wa(EIer limit)

—this study (NBP)

—Loose et al. (2014) - total

---Loose et al. (2014) - surface renewal (shear & buoyancy)
---Loose et al. (2014) — wave slope




Conclusions

* First unattended eddy covariance CO,

fluxes in Southern Ocean and Antarctic
sea Ice zone

* Quadratic dependence of open ocean
gas transfer velocity on wind speed

* Gas exchange In sea ice zone
proportional to fraction of open water
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Future Work

UNIVERSITY OF

CALGARY

« |cebreaker-based (CCGS * Island flux station near

Amundsen) flux station Cambridge Bay, Nunavut
4 months of planned * Continuous through ice
cruises next break-up/freeze-up starting

sprina/summer next spring



Thank You.
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