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Two key processes to affect recent sea ice variations in the Arctic Ocean
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The summer Arctic sea ice cover has been remarkably decreased in recent years. Now the dominant sea ice type in
the Arctic Ocean has been replaced from multi-year ice by first-year ice. In this situation, sea ice growth during winter affects
whether sea ice can survive or not in the following summer. Thus it is important to identify key processes controlling winter
sea ice growth in order to understand the recent sea ice variations.

Basically, sea ice growth during winter depends on thermal conditions of the underlying ocean. In the Pacific sector
of the Arctic Ocean, the upper ocean heat content is mainly controlled by inflows of the warm Pacific Summer Water (PSW)
delivered by the upper ocean circulation (the Beaufort Gyre: BG). In the 4" Symposium of Polar Science, we showed that the
transportation of BG and the resultant oceanic heat transport into the basin were sustained after 2009, while sea ice motions
were weakened. Indeed, the summer sea ice area in the Pacific sector of the Arctic Ocean was decreased with increasing in the
upper ocean heat content in the basin, and hit the new record low in 2012. Therefore, the oceanic thermal condition influenced
by the oceanic inertia effect to the surface forcing is a key to understand the recent sea ice variations in this area.

On the other hand, sea ice is often thickened by “rafting” that one ice floe overrides another due to convergent sea
ice motions. Thus the distribution of rafted ice at the melt onset is to determine the sea ice condition in the following summer.
Here we introduced convergence of sea ice motions integrated from November to April as an index of winter sea ice growth
due to rafting. We integrated the convergence of sea ice motions of only multi-year ice and “thick” first-year ice classified by



“Gradient Ratio” that distinguishes a sea ice type. The values of the integrated sea ice convergence were large in the
Alaskan-Beaufort Sea, the northern Chukchi Sea and the vicinity of the Taymyr Peninsula, known as choke-point of the Arctic
Sea Route. Furthermore, in these areas, the correlation between the integrated sea ice convergence and sea ice concentration in
the following summer (Jul-Sep) was high (r>0.6). Based on this relationship, the summer sea ice conditions in the choke-point
areas were successfully predicted from the integrated convergence of sea ice motions during the preceding winter.



