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Proposed international Pacific Arctic
climate monitoring sections
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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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SBES56 #01182
DEFI-D50 #081NO009

SBES6 #01183
DEFI-D50 #081N010

SBE37 #8884

SBES6 #01184,
#01185,
#01186

SBE37 #8885

WH-ADCP-600kHz # 17873
SBES56 #01194 H

SBE56 #01187, Bl
#01188, <71.4m
#01189, S
#01190, SR0:Em
S <100.9m

=19 Orey

Fuse wire1

Fuse wire3

Mooring CP13

Position:
(Anchor dropped position near the A frame)
77°28.331N, 164°07.178'W
(Triangulation result)
77°28.3353’'N, 164°07.0789'W
[ 77.47255°N, 164.11798°W ]

Deployment time (Anchor):
August 26, 2013 23:42 (UTC)
Bottom depth: 277m
(272m[Multi beam depth] + 5m)

CTDs:
SBE37-SM S/No. 8884, 8885

Temperature loggers:
SBE56 S/No. 01182, 01183, 01184, 01185,
01186, 01187, 01188, 01189,
01190, 01191, 01192, 01193,
01194, 01195, 01196
Pressure sensors:
DEFI-D50 S/No. 081N009, 081N010

Current Meter:

\WWH_ADCP.AENDKH=- Tantinal </NAa 17272



Temperature [deg.C]/ CP13
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Temperature [deg.C]/ CP13
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Temperature [deg.C]/ CP14
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Strategy of monitoring for climate oriented studies

Variations of upper ocean circulation ) T
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Upper ocean response
delayed about 3 years

relative to the surface forcings
(wind or sea ice motion).

Yoshizawa et al., (2015)
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Duinamoder(t) = ) [Ay(t =)V X Tyt = )] + By
i=0

Dsea ice model(t) = Z[AI (t - i) -V X ITI)(t - l)] + BI
i=0
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Dwind model(t) = Z[AW(t - i) VX W(t - L)] + BW
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Dsea ice model(t) = Z[AI (t - i) -V X u_)f(t - 1)] + BI
i=0
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open water 1 2 3 4 5+

by Mark Tschudi, University of Colorado



BERER - SEXEREBKER

BERER ErEE
(800dbar& #50dbarm D HEFEEERE) ANFFEKE (20-150m)

2012




(o))
ol

July & August, 74-78°N, 150-180°W

Sea ice concentration [%]
N I (&) ] (&) ] (a)]
o ()] (an] al (an]
| ] ] | |

W
ol
T

2007

2014 ®

2012

30
350

400

450 500 550
Heat content [MJ/m?]

600

650



~4

FKEEDZEE1979~2012

Arctic Sea Ice Area
e F ¥

6l

million
2 4
km* /5 |

© 71985 1995 2000 2010

©ONASA



Time series of temperature on the Northwindridge

Heat release “event”.

Tpot-0 [°C]

Depth [m]

Oceanic heat
release “events”
(2007, 2008)

Ocean Data View
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Time [yr] 18



Depth [m]

Depth [m]

Changes in temperature along 150W Solar heat
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Sea ice speed and Frequency of the case satisfying Ri <0.25 (5-30m)

Ice speed [cm/s]

Frequency [%]
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When sea ice
speed is greater
than 20cm/s,
strong vertical
mixing occurred.

The former study
by Kawashima
(2013) was
meaningful.



Indirect evaluation of amplitude of inertial

oscillation of sea ice from satellite data
(AMSR-E)
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[Amplitude of inertial oscillation] / [background low-passed sea ice velocity] depends on GR
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This regression curve
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estimate absolute
sea ice speed
including inertial
oscillation



Estimation of daily maximum absolute speed of sea ice Kawashima (Masters Thesis), 2013
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Depth [m]

Interpretation of heat release event (=anomalous huge sea ice
reduction event away from reduction trend) in 2007 and 2008
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Depth [m]

Deep winter mixed layer (50-70m)

Base depth of mixed layer is deeper than the general core
depth of the warm Pacific Summer Water

Active heat release = anomalous event-like reduction of

seaice Kawashima (Masters Thesis), 2013




Chp-02 20024 978 3H

Chp-03 2003%

= 9A 3H

Hce-05 20054108 3H
Hce-06 2006E10A 6H
Ncs-05 2005410H 5H

Nwr-03 2003%

- 8A16H

Kawashima (Masters Thesis), 2013




[Amplitude of inertial oscillation] / [background low-passed sea ice velocity] depends on GR
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Depth [m]

Interpretation of heat release event (=anomalous huge sea ice
reduction event away from reduction trend) in 2007 and 2008
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Active heat release = anomalous event-like reduction of

seaice Kawashima (Masters Thesis), 2013




i reduced by the cyclone but only by 0.15 X 10° km?
o (4 4%). Thus, without the storm, 2012 would still have
‘- ‘}’, produced a record minimum. [Zhang et al., 2013 GRL]



AMSR2 Sea lce Concentration 20120801 | AMSR2 Sea Ice Concentration 20120800




[Zhang et aI 2013, GRL]

7 - o ol & 0.5 I \ e ol
Sotellite 3 b= : \55 =
el T | ﬂ. =l El l:l'-fl- _‘T‘: il J
E 6} @ & & & "
5 : — = 5 —
= kS @ Z03 : a
—_— : [ : [
- =Y : I E : [
@ I 5 I [
E | o 0.2 IfSEN minus f;mTL W_\___h:\;\w
I =
; 4 I : i T 0.1}k : I
I 'g / ' i b
] ; [
.3 i i i i . ] ] ] il F } = DD : il {' :}
T & 17 16 21 26 31 36 41 46 21 56 1 6 '|'|'|'E-E'| EE-::'I 5541 4551 5'E-

Days from 8/1/2012 onward Days from 8/1/2012 onward

At a glance, cyclone seems to be important
Impression, but the influence is not so large.

Another processes I1s much significant to
understand the sea ice decline and spatial pattern
of sea ice distribution.
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Precondition
Changes In
melt pond



Sea Ice Extent [x 104 km?]
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Increasing rate of sea ice extent to total sea ice extent [%]
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e Camp #1

CTD : 32 stations
XCTD : 46 stations
Sea lce Camp : 2 sites
Mooring : 2 sites
Glider & SWFT array
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26 .

— — — — N N
N R D (0 0] o N
T I T I T T
/ |
| | 1 | | |

—
o
|

I

r

8 S—

6 1 1 1 1 | 1 |
01:30 01:45 0200 0215 0230 0245 03:.00 03:15 03:30
Aug. 13, 2014









Temperature [deg.C]/ freshwater pond(#1) 2015
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" Pred®tionyof Sea Ice ConegntratiOhf2e,

# change date of image by scrolling mouse-wheel.
# zoom/move image area by mouse click (left-drag:zoom, nght-drag:move, double-clickreset)
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EEZ from World Ocean Boundary Database
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# change date of image by scrolling mouse-wheel.
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Sea ice data validation is in prograss. o ]
The value of s8a ice concentration may change after the validation process in future.
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" Phato by Koji Shimada




20120803

Sea ice data validation is in progress.
The value of sea ice concentration may change after the validation process in future.




AMSR2 Sea Ice Concentration 20120902

Sea ice data validation is in progress.
The value of sea ice concentration may change after the validation process in future.
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Convergence of thick sea ice motion is important
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e (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.



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 - 74°N, 135 - 157°W).



regression

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

SIC,, =4.3542xGR +0.2556. (r=0.2717)

GR and integration of effective convergence for rafting (IECR)

SIC,,, =0.6924 xiECR +0.1547/|(r = 0.6924)

forecast | —sic,,,, ——SIC,, ===~ observed
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