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Syowa station & Japanese Antarctic Research Expedition (JARE)

Syowa station

Å Located on East Ongul Island in Lützow-Holm bay 

Å Built-in 1957
JARE

Å 64 expeditions since 1957 (JARE1 to JARE64)

Shirase

Å Icebreaker, 20,000t, L138m, B28m, D9.2m

Å Capable of continuous ice-breaking up to 1.5 m ice 

thickness

Å Ramming ice breaking over 2.0 m total ice thickness

JARE64 Dec. 2022
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Detected polynyas, land-fast ice, 

and ice shelves in the freezing 

season (March-September).



Shiraseôs ship route and Sea Ice 
Concentration (AMSR2) since JARE 51

JARE51 2009-10 JARE52 2010-11 JARE53 2011-12 JARE54 2012-13 JARE55 2013-14

JARE56 2014-15 JARE57 2015-16 JARE58 2016-17 JARE59 2017-18 JARE60 2018-19

JARE61 2019-20 JARE62 2020-21

Ishiyama, bachelorôs thesis 2023, UTokyo

Sea ice condition changes year by year.

The difficulty of navigating through the ice changes accordingly.

Particularly the JARE53 & 54



Motivation:
Consequence of a failure to berth close enough to Syowa station 

A huge amount of goods are undelivered.

The thicker the ice, the more 

difficult to navigate through the ice.

Ishiyama, bachelorôs thesis 2023, UTokyo



Inter-annual variability of the number of ramming maneuver

Sea Ice thickness of the Lützow- Holm Bay is 
changing quasi- periodically Ushio 2003
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Total 562 rammings
Outbound 492
 (drift ice zone beset) 
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Ramming: to break the ice, back up a few 

hundred meters, and then charge onto the 

ice to break the ice by its own weight.

Breakup of 

fast-ice

2016 Breakup 

of fast-ice
2022 Breakup 

of fast-ice

2023 Breakup 

of fast-ice

Shirase New Shirase



2016 Fast ice break-up in Lützow-holm bay 
Possible cause of 

inter-annual variability

Snow-ice hypothesis (Ushio & Toyota): As the ratio of the snow-ice increases, the sea ice 

loses its material strength and becomes easier for the propagating swells to break the ice.

swell

Many ramming 

Few breakups 

Cyclic change of the ice condition?

2003



Optimum routing for Shirase and the mechanism of MIZ, PIZ, and fast-ice variability

JARE64 33 buoys
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JARE64 ï 69 (Xth term of JARE) (PI: Waseda)

Å The objective is to monitor the waves 

propagating into the sea ice and to monitor 

the motion of the sea ice.

Å The Marginal Ice Zone and the Packed Ice 

Zone prevent the waves to propagate into the 

fast ice.

ü Propagation and attenuation of waves in 

the MIZ and PIZ

Å The breakup of fast ice

ü Causes: wind, current, and wave

ü Fracture vs. fatigue

Å Long-term trend: climate variation, storm

In-house buoys:
Kodaira, T., et al.. OCEANS 2022, CEJ (2023)

Rabault, J., et al. Sci. Data 10, 251 (2023)

Nose, T. (2023). Polar Research, CEJ JARE64: Waseda, Tateyama, Uchiyama



Key technology: Sensor development ï a community effort

Comparison against commercial product (Spotter)

NABOS2021

Drifter type



Findings from the NABOS 2021 cruise and data release
Resolving thin ice; a crucial factor in waves in polar region

ARC MFC

observation

Nose et al. 2023 Polar Research: model fails to represent a wave event.



Waves propagating under ice for a 1000 km (JARE63)

Summer deployment

Feb. 1, 2022

Winter wave event

Aug. 1, 2023
incoming

attenuated
Nose et al. 2023 

Coastal Eng. J.

Spectral evolution well 

explained by frequency 

dependent attenuation rate.



Prototyping the buoys

Kodaira et al. 2023 CEJ

Drifters: 3D printing + wave sensor (FZ)

Beaufort Sea, Arctic Ocean

vs.

Buoy on ice: JARE63, 64

New design for JARE65



JARE64: Buoy deployment on ice from Shirase Feb. 14, 2023



JARE64: 15 buoy deployments on Fast-ice Dec. 26, 2022

6 buoy deployments on 
drift-iceˢFeb. 11, 2023ˣ

file:///C:/Users/WasedaJARE64/Documents/JARE64/夜の学校/video/CH_buoy_deployment_20221226AM.mp4
file:///C:/Users/WasedaJARE64/Documents/JARE64/夜の学校/video/CH_buoy_deployment_20230211PM.mp4


JARE64: Landing on ice Measuring ice thickness Feb.7, 2023

Point 15:Buoy K
Ice thickness 3.61m
Snow depth 1.58m

╖ֲ ╦

40NM



Sea ice thickness
 Jan 3, Feb,7, 2023

The ice edge after the 
breakup in April 2022.
First -year ice in the north, 
and the multi -year ice in 
the south.

Ice 
thickness

Snow 
depth

Total 
thickness

1/3 1.06 m 0.36 m 1.42 m

2/7 1.17 m 0.19 m 1.36 m

Landed on 13 points out of 15 buoy 
positions.
For one point near the PIZ, we landed twice.



The motion of the buoys 
from Dec. 26, 2022 to 
May 2023

Dec. 26: 15 buoys deployed on fast-ice

Jan. 3: landed on ice to measure ice 

thickness

Feb. 7: landed on ice to measure ice 

thickness

Feb. 11: 6 buoys deployed on drift-ice

Feb. 12 to Feb. 15 deployed 10 buoys 

from Shirase

Yellow disk: current location of the buoy

Yellow circle: initial location of the buoy

Orange line: the trajectory of the buoy

Yellow line: a day-long trajectory of the buoy



Waves detected by the buoys

Red marks
indicate 
when the 
buoy started 
to drift.

Hs (m)
0.2

0.15

0.1

0.05

0

23

24

25

20

21

22

11

12

13

14

15

6

7

8

9

10

1

2

3

4

5



Waves as a precursor to the buoy motion
3 30 4 2 4 9

Red marks
indicate 
when the 
buoy 
started to 
drift.
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