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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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Nankyoku Shiryô (Antarctic Record), Vol. .2, No. -, +0/�+13, ,**.
� ,**. National Institute of Polar Research

165



� �: ����� ����� �	
���
������������ ��
������������ �!"#�$%&'()�	�*+,-.��/ 0
12����3�45�6
�7�$ 8�$9'():;��
�	<��=�$
�=��"�
#>�?@3A�/ B���CD3�� ,* kmE�
<7�$%
&'()<CD�F3A,GHI#JF�K��/ >
<���F��L��M
#'(���M#�-N�
#/ �O����MA,���
�7�$�	�<
�� !P"Q?#5�
�/ NOAA�AVHRRR$�%S����� �� �T
&<���'UV�W��X�!"#Y
��� ('U�$+)
���Z[�
Y*I#>�?@3A�/����'U+\<
�MA,�]^",I#/'UT
&?_-�V.I#�$+)
�X�`a?)^Pb$�=�Pb� CD�cd
^�'(ef�gBA,$+)
�X?hiB�<j/�� ��=�P#�+k
lmno�?0�3�PA�/

+. < p 5 �
�X�!"#��X�
q",�0�3�I#>�<� 1rs2�tuvw�lmno�

�x0I#	
3y�z4
{#/ |}�~�������<��X�!"#��5'�c


�H�JF�0�3�I# 86N� Comiso et al., ,**-: P�� ��X�75!P�8�9

��<3y�:�
{#?� �$��;!P��<�<
��=
{#/ >��5>?�!

P�$�~n������?@��P#?� ���A%&��?�P+�5� BC�DP

1��<�5,��
,+#�?��
{#/

<E��1X��F 8JARE: <����� ����� ��	
���KIMk���$�

������,]�/ 012�C+��$%&'()��� 8��� 012�: < ,3��F

8+321�22: ��� ..��FB
� 3����
,+# 8	G���� +323;�H�� +331:/

B� .,��F 8,***�*+: ��� �O��� 8��� EM�: �M#�$�����>
{#

8Uto et al., ,**-:/ EM�<'(� ¡�$ 8��� 7�$: �3¢£
� !���I#>

�?
]#¤�P+���Y*
{#/ ¥I3��	 86N�Kovacs and Morey, +33+,

Worby et al., +333: %&¦§� 86N�Kovacs and Holladay, +33*: ���C+�
,]�

?� c

<�J�M#����C+�
#Mk�PA� 86N�Haas, +332, Haas et al.,

+333:/

>�Mk�?�¨© !��$%&'()�~n������?���
�6<�P^�

ª[!��«zP1���¬NMk/ ����� �¦K<F��MA,­P#?� �����

��������X
<6
®¯Lp°��� ®¯Lp¦K	�¦±I#/ E8²
<01

2��M#%S!?��M#��1���� EM��M#³+§¨�xD�1���Na!

�x´I#>��MA,� ������������$%&'()?§¨%&°¨!���

MkP",Oµ�:I#3� �*+,-.��/

,. � � � �
.,��F���¶�
,+# ����� �	�����·¸��¹ +�KI/ �P>ºQ

»R¼ST�166



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

!� "�#$% &'()*+,���-������./�01�
 23�456789:

�;	��� <=
 EM����>3?;	@��ABC0DE�� FG�������3

?67HIJ;	�@�K=L# M+330N �O�B�

EM����3?;	�PQ�R ,�SE� TU�23�VWXY:K2Z�[\C]^

�_-B�  ��` EMabc MEM--+�ICE, GeonicsdN �efghi���Tjkl

MHpN KmWnopq�
 23n�rstu�
 2Z�vwxy�zB{YV|�}~E��

� , EM����>3?;	�PQ
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.
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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

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.
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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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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, ,**,.
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(C,), --./�--//.

Kovacs A. and Holladay J.S. (+33*): Sea ice thickness measurement using a small airborne electromagnetic

sounding system. Geophysics., //, +-,1�+--1.
Kovacs A. and Morey R.M. (+33+): Evaluation of a portable electromagnetic induction instrument for

measuring sea ice thickness. CRREL Rep., 3+�+,, +�+1.
HIJK�LMNOP�I-QR� IS� �+330": ���	
7�/�TUVWX�YZ�[��\

9:&]��^_�8	], ; ++<WX�YZ�$`�
���abcdefghDEijFG
+/0�+0*.

HIJK�klmn�-opqP�rstn�uvwx�yz{|�}-x~����qP �+331": �
��
W��
7�34UV[����\, 34��G .+G -//�-0/.

yz{| �,**-": �A��34��Y��X�h����`�]+32*��,**-�����\�5], 3
4��G .1G --2�-.2.

Uto, S., Shimoda, H. and Izumiyama, K. (,**-): ”Sea ice thickness and snow depth distribution of the
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