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Characteristics of sea ice thickness and snow depth distributions of the

land-fast ice during summer in Lützow-Holmbukta, Antarctica,

revealed from ship-based observations
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Abstract: Sea ice observations have been conducted onboard the Antarctic Re-

search Vessel “Shirase” since +321. The authors summarize these data to investigate

spatial and inter-annual variability of sea ice thickness and snow depth of the summer

land-fast ice in Lützow-Holmbukta. Probability density functions of annual total

thickness (ice thickness9snow depth) derived from video observations are categorized
into two types, i.e. a thin-ice and a thick-ice type. The total thickness distributions

observed by the electro-magnetic inductive method have a clear discontinuity, which

reflects the past break-up of the land-fast ice. Thin first-year ice develops o#shore of
this location, while multi-year ice mostly develops onshore. Ice thickness and snow

depth gradually decrease toward the coast within about ,* km o#shore, probably due
to snow drift driven by the strong northeasterly wind. It is concluded that the past

breakup of the land-fast ice as well as snow depth have dominant influence on the

spatial distribution of ice thickness in Lützow-Holmbukta. The extent of break-up

varies significantly year by year. The smaller extent enhances the development of

thick multi-year ice, while the larger extent, coupled with the influence of snow drift,

enhances reduction or extinction of thick multi-year ice.
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Fig. ,. Principle of the electro-magnetic inductive observation of total thickness of sea ice.
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Fig. +. Sea ice monitoring system onboard the Antarctic research vessel “Shirase”.
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Photo +. Setup of EM Instruments. The EM and the laser distance sensor are contained in the

wooden frame.
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Table +. Summary of the video observations of total thickness and snow depth of land-fast

ice in Lützow-Holmbukta.
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Fig. -. The outward-voyage tracks of “Shirase” in the land-fast ice in Lützow-Holmbukta. Seven

tracks, for JARE-*, -,, -3, .+, .,, .- and .., are plotted.
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Fig. .. Probability density functions of the total thickness of land-fast ice in Lützow-Holmbukta

derived from video observations during the outward voyage.
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Fig. /. Distribution of total thickness and snow depth of the land-fast ice in Lützow-Holmbukta in

(a) Leg-+, (b) Leg-, and (c) Leg-- derived from video observations during the outward

voyage.

ijkl�mnWopq��ABrst3u 171



��������	
�� /���� ��� -�������� -3.,��� -3.0�

������ -
������� !� "# .,$%&'()*+,	-./0��!��

�12345678���

Leg-+'(��������(9:�!�;<�=>�!?@���� A	?@(��B

'C! -,$%&�� .,$%&'DE'C!� Leg-,'(� FGHIJK �@+��;<��

��(LM�N ���4OP	?@���� Q� ..$%&'(�� -3.-�RS'��
�

� / T1UV��!WX/0123+,YZ�[\]^�_`abcd�	��������

�efg

Fig. /. Distribution of total thickness and snow depth of the land-fast ice in Lützow-Holmbukta in

(a) Leg-+, (b) Leg-, and (c) Leg-- derived from video observations during the outward

voyageeContinued.
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Fig. 0. Scatter-plot between snow depth and total thickness of the land-fast ice in Lützow-Holmbukta

derived from video observations during the outward voyage.

������j�� ¡)*DE+,-¢£ 173



�� EM������	�
��� �������������������� ��� 

!"� EM��#$%�&'(�)*+�#$%�,-)"�./012� EM�,34"

�56789�� : 2;� EM�� <;,=>>?@&��AB.C�'DE�� FG�

��,HI�J�K+78E����������

EM�LM#$%�&��ABNO&P������QR,�S&��� #$%�;�

TUV;WXYZ� [ 3*O\]E� ^,W_`�ab9���&�c� !�AB9�

dRef� +330g�  h,\]&ic�jkl�mnE��� !�op ;�q`rs,7V

� 1 EM�&��tuAB$vw�fx�>yz{�|}~��� ,� !AB.CLM
#$%��,'D

Fig. 1. Distribution of total thickness of land-fast ice in Lützow-Holmbukta in (a) Leg-+, (b) Leg-,
and (c) Leg-- derived from EM observations during the outward voyage. Those obtained by

the video method are plotted for comparison.
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and (b) o# Benten-jima.
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Fig. 3. NOAA/AVHRR images which show the break-up of land-fast ice in Lützow-Holmbukta in
(a) June, +33*, (b) June, ,*** and (c) June, ,**,.

$%&'()176



���������	
������������������������ !"�

#$%&�'()�*�+

������������,-.�/0123��45�6789:�+ #;.���

/0�<=>6.?@A��BC.DE�FG�HI��''J.K snow ice�LM.?@

A���N��+ O*�.P)9��������%� superimposed ice�LM.?Q9

A�2BC.MR��O'2STU*9:� VKawamura et al., +331W+ XQ9/0��

������������U���������� !"�#$'()�*�+

Kawamura et al. V+331W �Y7K Z�[\.]^_.$*9/01�`a��O'K [\

b]%�c�d2efU*�O'K g.[\�� -* km���*�'/01�#�.��O

'�ST89:�+ h /bijh 1b��Z�[\k.,-��lm�d��U�#n%��

_K [\.o�p.$*9/01''J.q��2`a��ro�s�O'2t��+ h /a

ij b�� .,uBv%�wx -3.,yb]%/02z{#�|.-89:�+ O�}~�[

\��� ,* km%&@K ��87������6'��#���+

����b]%��w�o.������!�.?Q9���/02��.��U*

�+ O�7�[\]_%��������.&7�����:9#;./02��:+  �

�6K A�2¡_��O'2()�*�+ ¢£ V,**-W �/0�l:m�A���	2¤O

@._:O'�¥¦89:�+ O�O'�A���/012MRijFG�§89����

.¨©ª«�i{�¬�@%��_K �����®.¯°��O'.?Q9±©².ª«

�i{�³´®�sµ89:�+

����6�Y'�K ¶8�·¸ ¹���BC�����Uij/01����K Z�[\

� +* ¶8�·¸ ¹����������BC������ij/01��º»�
Fig. +*. Schematic view of distributions of ice thickness and snow depth of the summer land-fast ice

along the track of Shirase in Lützow-Holmbukta.
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