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R/V Mirai in the Barrow Canyon 
(one of key gateways) 

Photo by Capt. David Snider (2002) 
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We now realize:	
Arctic Ocean is not quiet ocean but is vigorous 

ocean that links to climate changes. 	
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Similarities between Pacific Ocean and Arctic Ocean 
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Potential Vorticity: 
Q=f/g*N2  
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SHEBA 1997-1998	



Mooring position 

島田（2010)	 

SHEBA／ARM　1997-1998 



Major pathways of Pacific Summer Waters were identified. 
	

East West 

Shimada et al. (2001)、Sumata & Shimada (2007) 
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Heat release 	
(40-100m)	

was  140MJ/m2 	
	

 Heat release from ocean to sea ice during SHEBA 
in the Northwind Ridge area	



Ocean controled 
the sea ice 
reduction in the 
Pacific Sector	
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CTD stations in 1990s 
from ACSYS HP	 
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2002 well coordinated stations 	
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Complete observatory   
in the Pacific Arctic Ocean 

IPY2007-2008	 



2010~ 
Araon and Louis S. St-Laurent covered the full span of the Pacific Sector of the Arctic Ocean	



Araon & LSSL 2011-2012	 
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Sea ice motion and ocean circulation of 
Pacific Water layer	

Yoshizawa et al., (2014)	

Background color: dynamic height at 100dar relative to 800bdar (Oceanic Beaufort Gyre) 
Black vectors: average sea ice motion vectors for November – April. 



Upper ocean circulation was weakened in 2013 	

2013: 
upper ocean heat decreaseà formation of sea ice enhanced 
àthickness of first year ice increaseàsea ice survive by the end of summer	
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Dynaimic	  height	  of	  	  
center	  of	  oceanic	  	  
Beaufort	  Gyre	

Yoshizawa	  et	  al.,	  (2014)	

Upper	  ocean	  response	  	  
delayed	  about	  3	  years	  
rela?ve	  to	  the	  surface	  forcings	  	  
(wind	  or	  sea	  ice	  mo?on).	
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Sea	  ice	  extent	  :	  1979～2012	

1997～1998	

Oceanic	  heat	  
release	  event	  
(2007,	  2008)	



Time	  series	  of	  temperature	  on	  the	  Northwindridge	  	

Oceanic	  heat	  
release	  “events”	  	  
(2007,	  2008)	
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Heat	  release	  “event”.	
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Changes in Atmospheric circulation 

Oceanic warming 

Ice melt 

Activation of   
ocean circulation 

Thinning  of sea ice 

Positive feedback to drive catastrophic 
changes of the Arctic climate system  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Ice edge in September 	

1979‐1997	

1998‐2006	

2007‐2012	

Yoshizawa	  et	  al.,	  (2014)	

ArcGc	  Hot	  
Spot	

Western	  half	  	  of	  	  
the	  oceanic	  	  
Beaufort	  Gyre	



Figure 11.5 Stream function for flow in a basin as calculated by Stommel 
(1948). Left: Flow for non-rotating basin or flow for a basin with 
constant rotation. Right: Flow when rotation varies linearly with y. 

After: introduction to Physical Oceanography 
By R. Steward 

β-plane ｆ-plane 

Ice Gyre Ocean Gyre 

Simple Ekman pumping dyanamics  
cannot explain the ocean circulation pattern of the Canada Basin!  
Sea floor topography is significant role on northward current along the Northwind 
Ridge and Chukchi Plateau. 

This is principal  “Oceanic Beaufort Gyre” established by surface forcing and wave 
dynamics. 
It is different from Beaufort High and Beaufort Ice Gyre. 
 

スベルトラップ輸送を計算	

Sumata	  &	  Shimada	  (2007)	



Proposed international Pacific Arctic 
climate monitoring sections 	

Background color: dynamic height at 100dar relative to 800bdar from Mirai and Louis S. St-
Laurent 2008 cruises (Oceanic Beaufort Gyre) 
Black vectors: average sea ice motion vectors for Nov. 2007- Apr. 2008 (Sea Ice Beaufort 
Gyre)  
Simbols: Mooring array in 2012-2013 (TUMSAT/KOPRI/NIPR & WHOI)	


