
A study of medium-range predictability of sea ice 
distribution in the Arctic Ocean based on TOPAZ4 

data assimilation system:
Toward to the development of Arctic Shipping 

Navigation System

Takuya Nakanowatari
National Institute of Polar Research (visitor scientist at NERSC  from 

August 2018)



�����������	��	�
��������������
�ArCS) projects

• � 1����1�� ������� ���-�	�
– :H%��� �. *�� . % )*E. C: �H�5* C%� )H#*HE�� 2'CE*)� 2� �%�� 5%� ����%C#C�.
– �,01� �(.2�)� � �C""5 �C �% I�E) *. 5E�  %IC#I��
– 0EC!��* J5) )*5E*�� :ECA ���& �2�'� ���& *C .5E� �����

• ������� ���
�	�������� ���
� �1 ������� �1
 �����	� ����	����
��1��
 ���� ���� �1����1�
– 0E %� '5# ,%I�)* �5*CE�0,�
 �H% ,%CH� ��,01�



�"!CMF�J�*A"�IJ"!C /��CEC/4� ��+M/�
�2""'��+#�617�
!C./JC�M/C+*�C*�/�./�6C�"JC�*�6"�

���	���
��
ü 7%" *MF�"J +# N".."E. C* 46�  C* I�J/C ME�J� /66� %�. C* J"�."! C* J" "*/

4"�J.� �M/ .CA*C#C �*/ ."� C " "3C./. C* "�JE4 .MFF"J  2ME4�
ü 0+J .�#" �*! +I/CFMF *�NCA�/C+* #+J  +FF"J C�E N".."E. 2C/% C "��J"�'C*A

��CEC/4� 7%" C*#+JF�/C+* +# ."� C "  +*!C/C+*  !C./JC�M/C+* �*! /%C '*"..� C.
 JM C�E

������
ü 7+ "3�FC*" /%" F"!CMF�J�*A" IJ"!C /��CEC/4 +# 617 !C./JC�M/C+* C* /66 C*

"�JE4 .MFF"J �*! !"N"E+I /%" -J /C 6"� �+M/" 6"�J % 64./"F ��."! +*
+I"J�/C+*�E ."� C " #+J" �./ !�/�

(4�'F
(�F

+*��

East
Siberian Sea

Laptev Sea
Chukchi Sea

/AM8EMR "/��E��9(&
�

61. � ."� C " "!A" C* 2ME4  
,�,�(&
��".."E *MF�"J. C* (&
) +# -16 !�/�



,NAP*A�*AC�/AC"K�A/4MIC%�%"P"�"OO*-*I"P*/K�
OTOPC-8��7,��

• ��7,� *O %CRCI/MC% "P �"KOCK
/KR*N/K-CKP"I "K% �C-/PC �CKO*KE
-CKPCN "K% 4OC% D/N /MCN"P*/K"I
D/NCA"OP OTOPC- *K 4CP �/NS"T
 �*-/KOCK CP "I� (&
�!

• ."P" "OO*-*I"P*/K
– /K30  � %"T "OO*-*I"P*/K ATAIC�
– 1T%N/EN"MF*A /#OCNR"P*/K � ��4�2

�2-� OC" *AC RCI/A*PT� -NT/�"P(
%"P"

• 0/NCA"OP OTOPC-
– 
&�%"TO D/NCA"OP #"OC% /K /-4�0

"P-/OMFCN*A D/NCA"OP %"P"
• �CI*"#*I*PT � 7NC%*AP"#*I*PT

– �2� *O A/-M"N"#IC P/ *K O*P4 "K%
O"PCII*PC COP*-"PCO S*PF*K 
&�)& A-

– �2� %*OPN*#4P*/K *O OH*IID4IIT MNC%*APC%
4M P/  %"TO  �"H"K/S"P"N* CP "�
(&
�!

Data assimilation system (EnKF)

Ice-coupled OGCM (HYCOM ver. 2.2)

ECMWF atmospheric forcing data

Hydrographic and satellite data

Forecast (1-10days)



Arctic Sea Route Search System
• The web service providing an

optimum shipping route
information in Arctic Ocean

• This system is developed by our
research group (Arctic Data
Archive System)

• The optimum shipping route is
calculated based on the cost
function (Ice index) & duration (T)

• I is linearly related to ship speed

• Sea ice forecast data in TOPAZ4
are used for this system

https://ads.nipr.ac.jp/routeSearch/#/top
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Yamaguchi et al. [1995]



Purpose of this school
• To learn the data managing skill of recent satellite

data and limitation
• Based on the integrated knowledge of Arctic data

and its management, I will additionally utilize
satellite sea ice data (such as SAR and Sentinel
images) as the additional information for the data
assimilation and shipping navigation


