Arctic Polynyas - Windows in Sea Ice Between the Atmosphere and Deep Ocean
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NASA Earth Science Enterprise Strategic Plan Question

How is the global ocean circulation varying on interannual, decadal, and longer time scales?


The main objectives of this proposal are to examine the variability of Northern Hemisphere polynyas and their response to recent large-scale atmospheric patterns.  Polynyas are large, persistent regions of open water and thin ice which occur within much thicker sea ice pack.  Polynyas have length scales of order 50-100 km, occur most commonly adjacent to coastal areas during winter, and recur from year to year.  When winds blow steadily offshore from land in the polar regions, pack ice is blown away from land directly exposing seawater which is close to the freezing point to even colder air.  The large negative heat flux from ocean to air results in the rapid formation of new ice into crystals, which are in turn also continuously herded downwind analogous to a conveyor belt.  With steady ice formation, there are correspondingly large releases of salt which increase the local water density.  In the Arctic, this denser water sinks and contributes to the formation and maintenance of the so-called Arctic halocline, a layer between 50-150 m deep which separates the cold surface layer from warmer, deeper water entering from the North Atlantic.  Recent research has shown considerable variation in the thickness and location of the halocline layer.


Recent climate changes, starting with the large 1989 shift in the Arctic Oscillation (AO), have strongly affected the ice circulation and export in the Arctic Ocean. It appears likely that polynya activity, and thus their possible role in the variability in the Arctic halocline, may be directly related to these significant shifts in atmospheric circulation.  However, no recent remote sensing assessment of Arctic polynya activity has been performed during this dynamic period.  This study will use a unique suite of current and soon-to-be-launched satellite sensors to determine the recent Arctic polynya variability and how this variability may be affected by atmospheric circulation patterns. In particular, we will use large-scale low-resolution microwave imagery from SSM/I, AMSR, and several scatterometers, combined with high resolution sensors including SAR (from both RADARSAT and ERS), AVHRR, and MODIS.  We will develop a time series of polynya activity to determine the response of the polynya ice production to large-scale changes in the atmospheric circulation such as the AO, the North Atlantic Oscillation, and El Niño/Southern Oscillation.  This figure combines RADARSAT SAR and AVHRR of a polynya next to St. Lawrence Island in the Bering Sea.  The active polynya appears warm (red) adjacent to the island (green with blue) and the surrounding sea ice floes (green and yellow). 
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