Coordinated Observing in Western Canada Basin
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Change 1n sea ice motion: An insight
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Ice cream, just picked out from the

refrigerator, 1s difficult to be rotated.




10 minutes later, 1t 1s easy to rotate!
Ice cream theory

R N S= A
Conceptual idea into quantitative understanding
using satellite data
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Changes in Atmospheric circulation

Increase in
outflow of sea ice

**ofsealce ==
motion IR

Pacnflc
sector

i —r e
I':lll 'l&._“"t g
Oceanic warming
-

i | - 1 |
x‘A ai Sep. 3, 2005‘




7

' Seace! September, 2007 SLP & sea ice cover

éa Icé! September, 1997 SLP & sea ice cover
/ 7 :

Southerly wind affected sea ice retreat. This was true.
However, what established the dipole pattern in SLP?

This 1s much more important to understand the catastrophic
change rather than correlation between wind and sea 1ce extent



Ocean circulation

Fundamental basis

Photo by Koji Shimada




Dyn.Ht.-800 [dyn m] @ Pressure(Depth) [db]=100
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Ocean circulation 1s steered by
seafloor topography
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Ocean dynamic height (colors) & curl of sea i1ce motion (contours)

% Strength of upper ocean circulation does not
linearly respond to strength of Ekman Pumping
caused by sea 1ce motion driven by wind.

%  We should recall basic dynamics toward
precise understanding and responding.



Ocean circulation at 50 dbar and 150 dbar

Dyn.Ht.-800 [dyn m] @ Pressure(Depth) [db]=50
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Influence of oceanic changes on sea ice cover
As a key precondition of rapid Arctic changes
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Changes 1n geostrophic ocean circulation at 100dbar (~100m)
reference pressure: 800dbar
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Changes 1n Pacific Winter
Water distribution associated
with the changes of the
upper ocean circulation and

freshwater distribution ~,

e Spreading pathway of
nutrient rich Pacific
Winter Water has
moved west after IPY
1n the basin.

Ocean Data View
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Changes In ocean heat content

: changes In upward ocean heat flux -

Photo Koji Shimada




Changes of ocean heat content
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Changes in heat content [MJ/m?] within Pacific Water layer (20-150m)
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Changes in liquid freshwater

- “great salinity anomaly”

associated with huge sea ice



Changes 1n freshwater (0-1000m)

reference salinity 34.8psu
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Ice motion 1s fast, but ocean circulation 1s tardy.
Huge accumulation of melt water was occurred in the southwestern
Canada Basin (biologically hot spot).
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* If we need to understand the circulation of Chukchi Sea,
model domain should involve Canada Basin, since the
pressure filed in the basin 1s crucial role to determine
spreading pathways of shelf water into the basin.



Recommended hydrographic sections in the Pacific Sector
to cover the inter annual variations in PSW distribution
- Joint effects of wind and buoyancy dominant forcing -

Tpot-0 [°C] @ Salinity [psu]=31.6
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Recommended hydrographic sections in the Pacific Sector
to cover the inter annual variations in PWW distribution
- Joint effects of wind and buoyancy dominant forcing -

Tpot-0 [°C] @ Salinity [psu]=33.1
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Recommended hydrographic sections in the Pacific Sector
to monitor the propagation and influences of great freshwater pool.

Freshwater

Ocean Data View
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Proposed circulation pathway
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JWACS 2002 - 2004 stations in the Western Arctic
%y, .

e 2002 stations
e 2003 stations

o 2004 stations
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Tpot-0 [°C] @ Salinity [psu]=31.3

Seasonal variation In
circulation pathway?

Summer Water : 30 ~
32[psu]

Winter Water : 33 ~
34[psu]




through Bering Strait
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Measurements in the mouth
of the Barrow Canyon

Mooring locations

 Duration:
Oct., 2001 ~ Sept., 2005

e Instruments
RCM-7/8/9(AANDERAA)
WH-/BB-/NB-ADCP(RDI)
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Evaluation of transportation

( SeaBeam bottom topography measured R/V Mirai is

used for the calculation )

Mooring positions
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Seasonal Variation

Monthly mean transportation *Variation : 0~ 1.2SV
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Transportation

without wind forcing

Transportation vs local wind (60°T)
r=0.87
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Variation in local wind

Wind (60°T)
Using NCEP 10m wind (2001/10-2005/9)

wind velocity (at 60deg) [m/sec]
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Most of water is delivered into
the basin via Barrow Canyon
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Not only Barrow
Canyon!



Tpot-0 [°C] @ Salinity [psu]=31.3
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JWACS 2004 mooring stations
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AW upwelling & cooling

March, 2002
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April, 2002

Potential Temperature [deg.C]

Potential Temperature [deg.C]




Velocity field in the Barrow Canyon
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- Flow reversal during winter on North Slope

BARROW CANYON MOORING 1996-1998
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Advection of ECSW on the shelf break

Advective direction of ECSW depends on seasonal wind

LOWPASSED EASTWARD VELOCITY IN BARROWW CANYON [F8MM]
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1997 1998
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Winter Water Formation

Basin scale
Hydrography

AVHRR image/ Courtesy: Seelye Martin




Atlantic Water
Circulation on the
Chukchi Borderland

Weak Beaufort High

Relation between (u,v) and {dh/dy,—dh/dx} at 250m deep
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Great salinity anomaly 1s assumed to be located in the Chukchi
Borderland area (Northwind Ridge and Chukchi Plateau).
Significant changes in ocean circulation and biogeochemical
environment would occur 1n this area.
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Wind Fact Changes in Wind Factor (Nov.- May) :

m aclor .

—U...[/lU s cosO| A control parameter for penetration of momentum from
ool wind. 7 atmosphere into ocean through sea ice cover.
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Wind Factor [ % ]

Wind Factor [ % 1

Penetration of wind forcing
into the ocean through sea ice
substantially increased.
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in 2007/2008.
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Yoshizawa et al.
(2011, prep. )
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Depth [m]

Ocean Data View
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Changes in spreading pathway of Pacific Water
Into the Canada Basin

Depth [m]

Qcean Data View
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Warming by the strengthening ocean circulation led
the warming by ice-albedo feedback

700 : I ! ! ! ! !
600 5
50MJ/m?

— 500
o
=
™~
=

400 -
- Pacific Summer Water
£ (Warming by ocean circulation)
= : 2 2
§ 200k p— —— R e o AOOME 100MJ/m
= 0-20m i,
T 200l Ocean surface mixed layer | ]

(Warming by ice-albedo feedback)
100E i ........................ ........................ ................ N\ ....................... ....................... ........................ ..... P _
'S
| | i i B j i
% 1994 1996 1998 2000 2002 2004 2006 2008 2010

Year
74-76°N, 150-160°W (near Northwind Ridge), during July 27- Sep. 1




Ekman pumping

& Dyn.Ht.-800 [dyn m] @ Pressure(Depth) [db]=50
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Ocean dynamic height (colors) & curl of sea i1ce motion (contours)

% Strength of upper ocean circulation does not
linearly respond to strength of Ekman Pumping
caused by sea 1ce motion driven by wind.

%  We should recall basic dynamics toward
precise understanding and responding.
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Best distribution of hydrographic Important area, but no observation
to understand changes in 2008 in 2009 and 2010.
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* The dynamic height is still high value in 2010.

* Scm sea level rise occurred within 5 years in the
western Canada Basin.

» Features of ocean circulation have completely changed
after IPY.



Ice motion 1s fast, but ocean circulation 1s tardy.
Huge accumulation of melt water was occurred in the southwestern
Canada Basin (biologically hot spot).
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