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WebPanel 2. Complexities in gas exchange around sea ice 
Sea ice is a partial barrier to atmosphere–ocean exchange, but convective and turbulent processes 
associated with formation, melting, or disturbance of fractured ice may enhance exchange. A 
lack of understanding on how processes combine and their natural variability, along with limited 
observations due to the inhospitable nature of polar waters, has led to conflicting predictions of 
their combined effect on surface gas exchange. 
 Non-negligible gas exchange through the ice itself has been observed, contradicting the 
view of ice as a simple barrier (eg Loose and Schlosser 2011). The impact of freezing and 
melting has been linked to enhanced gas exchange in the laboratory and field (eg Else et al. 
2011), but is contradicted by other evidence from the field (Rutgers Van Der Loeff et al. 2014; 
Butterworth and Miller 2016; Prytherch et al. 2017). Recent eddy covariance measurements of 
CO2 flux in marginal ice zones suggest that fluxes scale with the fraction of open water, whereas 
transfer velocity across ice-free patches is lower (Southern Ocean: Butterworth and Miller 2016) 
or similar (Arctic: Prytherch et al. 2017) to open ocean values at a similar wind speed. However, 
Loose et al. (2017) reported enhanced atmosphere–ocean gas exchange in ice-affected regions 
based on a large radon deficit dataset. 
 Differences in conditions may be the cause of apparently irreconcilable results. Among 
the contributing factors may be variations in ice type and age (Loose and Schlosser 2011), and 
the high spatiotemporal variability in meteorological and oceanographic conditions. Meteorology 
and oceanography can act on the partial pressure of CO2 in the ocean through upwelling of either 
warm or cold water (Else et al. 2011), which could complicate micro-meteorological studies; 
however, Prytherch et al. (2017) demonstrated that this effect was minor. Work focusing on 
evaluating the specific (and potentially competing) ice processes affecting gas exchange (Loose 
et al. 2014; Butterworth and Miller 2016; Prytherch et al. 2017) may elucidate the topic, and 
enable more reliable regional and global estimates of gas exchange. 
 More generally, satellite observations hold the potential to help reconcile contrasting 
results from historical polar studies by providing assessments of critical synoptic-scale 
observations not observable in situ (WebTable 2); they will enable the spatial and net impact of 
conflicting conclusions to be assessed, and identify those geographical regions where scientific 
efforts should be focused. 
 
WebReferences 
Butterworth BJ and Miller SD. 2016. Air–sea exchange of carbon dioxide in the Southern Ocean 

and Antarctic marginal ice zone. Geophys Res Lett 43: 7223–30.  
Else BGT, Papakyriakou TN, Galley RJ, et al. 2011. Wintertime CO2 fluxes in an Arctic polynya 

using eddy covariance: evidence for enhanced air–sea gas transfer during ice formation. J 
Geophys Res-Oceans 116: C00G03. 

Loose B and Schlosser P. 2011. Sea ice and its effect on CO2 flux between the atmosphere and 



the Southern Ocean interior. J Geophys Res-Oceans 116: C11019. 
Loose B, Kelly RP, Bigdeli A, et al. 2017. How well does wind speed predict air–sea gas transfer 

in the sea ice zone? A synthesis of radon deficit profiles in the upper water column of the 
Arctic Ocean. J Geophys Res-Oceans 122: 3696–714. 

Loose B, McGillis WR, Perovich D, et al. 2014. A parameter model of gas exchange for the 
seasonal sea ice zone. Ocean Sci 10: 17–28. 

Prytherch J, Brooks IM, Crill PM, et al. 2017. Direct determination of the air–sea CO2 gas 
transfer velocity in Arctic sea ice regions. Geophys Res Lett 44: 3770–78. 

Rutgers Van Der Loeff MM, Cassar N, Nicolaus M, et al. 2014. The influence of sea ice cover 
on air–sea gas exchange estimated with radon-222 profiles. J Geophys Res-Oceans 119: 
2735–51.  


