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understanding of first order physics of circulation along the landfast ice 
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The information gained will improve our circulation and oil-spill 
trajectory models used in pre-lease Beaufort Sea environmental 
assessments and post-lease evaluation of oil-spill contingency plans. 
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Description: 
Background:  Winds and river runoff influence the dynamics and circulation pathways over the 
innermost portion (water depths ~<20 m) of most continental shelves.  While this is true for 
Arctic shelves as well, the effects of wind stress and buoyancy are substantially modulated by the 
annual freeze/thaw cycle, which controls the phasing and duration of the landfast ice season and 
river discharge.  Because much of our understanding of shelf dynamics derives from studies on 
ice-free shelves, it is not clear how well these lessons apply to Arctic shelves, particularly 
regions influenced by landfast ice. 
 
Landfast ice, which covers the innermost Alaskan Beaufort shelf from October to June, is 
anchored at the coast along the 2 m isobath and extends offshore to the 20-40 m isobath, 
covering 25% of the total shelf area.  In the absence of landfast ice, currents are swift (20-100 
cm/s) and both currents and sea level are coherent with one another and with the local winds.  
When landfast ice is present, recent MMS studies have shown that the under-ice currents are 
weak (< 5 cm/sec), variable, and uncorrelated with winds and sea level.  Thus landfast ice (but 
not moving pack ice) inhibits momentum transfer from wind to water.  This presumably results 
in an abrupt transition in surface stress at the transition between landfast and pack ice.  Although 
there are no observations of this transition region, the physics should force an along-shore ice 
edge jet and a cross-shelf circulation cell.  The direction of the ice edge jet, east or west along the 
Beaufort coast would depend on the water depth at the landfast ice edge. 
 
Objectives:  The overall goal of this study is to better understand the physical processes 
controlling circulation in the landfast ice zone of arctic shelves when forced by winds and 
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buoyancy and subjected to various parameterizations of ice-water stress. 
 
Methods:  This is a modeling study.  Using the Regional Ocean Model System, the under-ice 
circulation responses to the following forcing will be determined: 1) along- and cross-shelf wind 
stress patterns offshore of the landfast ice zone, 2) along-shore flows imposed at the eastern or 
western edges of the modeling domain, 3) river inflow introduced at the coastal boundary 
without ambient stratification, and 4) river inflow introduced at the coastal boundary with 
ambient stratification. 
 
The responses to the forcings above will be examined subject to the following landfast ice-water 
stress scenarios: 1) no stress, 2) spatially constant stress, 3) stress that increases linearly in the 
offshore direction out to the landfast ice edge, and 4) spatially random stress. 
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