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Mooring position

島田（2010)
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Major pathways of Pacific Summer Waters were identified.

East West

Shimada et al. (2001)、Sumata & Shimada (2007)
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Sea ice extent : 1979～2012

1997～19981997～1998

Oceanic heat 
release event
(2007, 2008)



Ice edge in September 
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1998－2006

2007－2012

Yoshizawa et al., (2014)
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Sea ice motion and ocean circulation of 
Pacific Water layer

Yoshizawa et al., (2015)

Background color: dynamic height at 100dar relative to 800bdar (Oceanic Beaufort Gyre)
Black vectors: average sea ice motion vectors for November – April.
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Upper ocean circulation was weakened in 2013 

2013:
upper ocean heat decrease formation of sea ice enhanced
thickness of first year ice increasesea ice survive by the end of summer

2013
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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-planeｆ-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)
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anticyclonic ⇔subtropical gyre ＆ cyclonic⇔subarctic gyre

Pacific Arctic ＆ Atlantic Arctic
anticyclonic ⇔subtropical gyre ＆ cyclonic⇔subarctic gyre



海洋温暖化の中心域
かつ海氷激減域(白枠領域)

の水温変化
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Changes in temperature along 150W
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• 海氷面積最小直後（冷却開始時）に表層混合層
厚、表層混合層貯熱量を衛星データ（AMSR-E）
から推定。

• 検証実データはみらい2008年国際極年北極航海

Sep. 20, 2008  Oct. 20, 2008 

海氷にいつ覆われるのか？
北極海航路が閉じる

タイミングの予測

9月に推定

1か月後の海氷分布

表層混合層貯熱量分布推定

予測可能！

300MJ/m2
以上

300MJ/m2
以上

100MJ/m2
以下

100MJ/m2
以下

小規模海氷運動の強化
鉛直熱輸送の増大（観測）



Application for Arctic Sea Routes

Weather News社

2007年は
開通していない

2006年は
開通していない

25



• As the results, heavy ice bands were formed 
Alaskan coast and northern Chukchi area.

• Presence of this ice bands is important for 
Arctic Sea routes.  

Less ice cover in 
offshore area 

Less ice cover in 
offshore area 

Ice Band Ice Band
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Application for availability of Arctic Sea routes

Photo by Koji Shimada
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2006 northern Chukchi Sea 



2012 northern Chukchi Sea 



Rafting of thick sea ice is important 
for growth of sea ice thickness

&
Sea Routes

Photo by Koji Shimada
2006 northern Chukchi Sea 



• Calculate convergence if GR is less than critical value 
(‐0.02) and sea ice concentration is greater than 98%. 
⇒ effective convergence for rafting: ECR

• Integrate ECR along drift track of sea ice from 
November to April.

Canada Basin

Alaska

2009/11/01:
END

2010/05/01:
START



Correlation between “integrated effective convergence of sea Ice along 
drift track (Nov.～Apr.)” and “sea ice concentration in the following 
summer (Jun.～Sep.)”. Box shows a key area of the Northwest passage 
area (70 ‐ 74oN, 135 ‐ 157oW).



forecast
 6924.0r0.1547iECR 0.6924 YoshiSIC

.0.2556GR4.3542 GRSIC  2717.0r

regression
Spring GR only (using just thickness in spring, without sea ice motion)

GR and integration of effective convergence  for rafting (iECR)

YoshiSIC GRSIC observed


