
Thinner Beaufort Sea Ice Intensifies Winter 
Ocean-Surface Stress, Reversing Ekman Pumping
After ~2012, winter sea-ice thinning strengthened wind–ocean momentum transfer in the Beaufort Gyre, 
intensifying ocean-surface stress and shifting net Ekman pumping from weak upwelling to predominant 
downwelling, despite little change in wind speed.
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Physical Explanation
Pre-2012: Ice decoupled from wind; weak Ekman upwelling; cold, fresh, 

stratified.
Post-2012: Stronger ice-wind coupling; Ekman downwelling; warmer, saltier, 

deeper mixed layer.
Key contrast: Thinner ice reversed vertical ocean motion and eroded the halocline.
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Ice Thinned by ~ − 0.4 m 
→ Ocean-surface stress τₒ↑ 44%  
    and variability × 2 
→ Ekman flips from weak upwelling
    to predominant downwelling

Observed Shift

Fig.1. DJFM-mean Beaufort Gyre Ekman pumping (Black: 
positive = upwelling; negative = downwelling). Red dashed: 
DJFM-mean ocean-surface stress (right axis).
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Fig. 2 Schematic of wind-ice-ocean dynamics in the 
Beaufort Gyre before and after the ~2012 regime shift
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