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ABSTRACT: Against a back ground of sea ice retreat, the Northern Sea Route attracts attention as the new 

alternative shipping route between Europe and Asia. This paper examines statistical characteristics of sea ice 

concentration and thickness in the Arctic Ocean to evaluate navigability and its risk along the Northern Sea 

Route. Authors retrieved the sea ice concentration and thickness information from “TOPAZ4” data set, which 

is a data assimilation system of sea ice condition in the Arctic Ocean. From this sea ice information, distribution 

of average and maximum sea ice concentration and thickness(half monthly and 5days Simple Moving Average), 

and their standard deviation is examined. Then, based on these sea ice data base, seasonal and spatial 

characteristics of sea ice for navigation along the Northern Sea Route is discussed.  

 

1. INTRODUCTION 
The Northern Sea Route (herein after referred to as “NSR”) is known as the shortest sea route between 

Northern Europe and East Asia along the Arctic coast of Russia. Through the NSR, the distance can be 

shortened by about 30~40% compared to the Suez Canal route(Fig.1). Due to the recent sea ice retreat in the 

Arctic and progress of natural resource development along the Russian Arctic coast, NSR is becoming a 

realistic commercial shipping route since 2010. In 2018, Yamal LNG Project has started LNG export from the 

port of Sabetta, which locating in Yamal Peninsula, to European market in winter and to Asian market in 

summer. LNG is transported by newly built icebreaking tanker, which has an intermediate level of ice class 

between Polar Class 3 and Polar Class 4 of Bureau Veritas and ARC 7 of Russian Resister, and can sail without 

icebreaker support in ice infested water of the Russian Arctic. And LNG from Yamal LNG Project is expected 

to become a dominant cargo of NSR when it reaches full operation, because the volume of LNG will reach 

1.6-fold of total cargo volume of the NSR in 2017 and LNG tanker will sail in more than 160 times a year 

from the Port of Sabetta. At the same time, destination shipping between Arctic and non-Arctic area, which 

supports industrial developments in the Arctic, will also be the rest of cargo shipping activities for the time 
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being1 ) 2 ). And shipping between Europe and Asia has been continuously conducted and been gradually 

increasing by Chinese shipping company COSCO Shipping. Accordingly, over all cargo volume and the 

number of ships which navigates into the NSR will show strong trend. 

In spite of using icebreaking tanker above, sea ice condition is a key issue to sail the NSR in terms of safety, 

punctuality and economical efficiency. Furthermore, for lower ice class vessels which do not have icebreaking 

capacity so called ice strengthened vessel, ice condition has a primary importance for safe navigation of the 

NSR. The seasonal condition and characteristics of sea ice along the sailing route might give shipping 

companies to examine their project and operation planning of NSR shipping. Thus, this paper aims at 

investigating the characteristics of recent sea ice condition along the NSR.  

 

Fig. 1 Northern Sea Route 

 

2. SEA ICE DATASET 
Today, we have satellite remote sensing information of the Arctic sea ice by microwave radiometer monitoring. 

Japan Aerospace Exploration Agency(JAXA) has been providing sea ice concentration and sea ice thickness 

observed by GCOM-W1 satellite equipped microwave radiometer AMSR2. And the Arctic Data archive 

System (ADS) provides AMSR2 data set through interactive website, under the cooperation between National 

Institute of Polar Research and JAXA3). Here, sea ice concentration was examined by the algorithm which was 

developed by Krishfied et al4). And sea ice thickness was also examined by the algorithm which was developed 

by Tateyama et al.5). However, sea ice thickness can only be calculated when sea ice concentration exceeds 

80%. And it is difficult to provide sea ice thickness when melt pond occurs on the surface of sea ice mainly in 

ice melting season. 

On the other hand, TOPAZ4, which is a coupled ocean-sea ice data assimilation system for the North Atlantic 

Ocean and Arctic6) provides sea ice concentration and thickness including lower sea ice concentration. Thus, 

we took up TOPAZ4 data assimilation data set to examine sea ice condition to investigate navigability of the 

NSR. In this regard, Inoue et al.7) investigated accuracy of sea ice estimation by TOPAZ4 for ship navigation 
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of the NSR. And Nakanowatari et al.8) compared the TOPAZ4 reanalysis data and PIOMAS9 output of sea ice 

thickness, so that the TOPAZ4 estimates thicker than the PIOMASS near the coast with 50 (cm), although the 

offshore region is underestimated. These positive and negative biases compensate each other and thus the mean 

bias of sea ice thickness of TOPAZ4 is 21 cm in July, which is smaller than in winter. 

To take into account that, before start to use TOPAZ4, we compared sea ice concentration between AMSR2 

and TOPAZ4, along the NSR from Sabetta which is located eastern coast of the Yamal Peninsula facing the 

Ob Bay as the western end, and the eastern end is set to the Baring Strait(Fig.2). Fig.3 compares half-monthly 

average sea ice concentration along the NSR from April to December in 2015. Here, deference between two 

data sets becomes noticeable in May 1st half, Jun.1st & 2nd half from April to June. And from July to 

September, it becomes noticeable in July 1st half, August 2nd half, and September 2nd half. From October to 

December, October 1st &2nd half becomes noticeable. Fig.4 to Fig.6 compare sea ice concentration over the 

NSR route of AMSR2 and TOPAZ4 by longitudinal distribution. Table 1 summarize the difference between 

both data sets. As a result, error between the both data sets tend to occur in the water area of 100E~112E, 135E, 

where Arctic Ocean is divided by islands and straits. And in total, it could be considered that the both data sets 

describes the characteristics of sea ice condition along the NSR comparably. 

 
Fig.2 Examined sailing route 

   

Fig.3 Comparison of sea ice concentration between AMSR2 and TOPAZ4(Apr.~Dec. 2015) 

( Here, ice concentration is converted and 1.0 means that surface is 100% covered by ice) 
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Fig.4 Comparison of sea ice concentration between AMSR2 and TOPAZ4 by water area 

 
Fig.5 Comparison of sea ice concentration between AMSR2 and TOPAZ4 by water area 

 
Fig.6 Comparison of sea ice concentration between AMSR2 and TOPAZ4 by water area 
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Table 1 Difference between AMSR2 and TOPAZ4 sea ice concentration data sets along the NSR 

Half monthly season Difference between both data sets 

 Around 73E in Ob Bay area, error between both data sets becomes significant. Here, due to 

limited width of water area (about 30km), accuracy of both data sets might degrade. 

May 1st half TOPAZ4 becomes larger than AMSR2 in 75E~80E and 170W. But most of the part of NSR, 

both dataset fit well. 

June 1st half TOPAZ4 becomes larger than AMSR2 in Eastern part of the Laptev Sea in 100E~112E, and 

western part of the East Siberian Sea in 131E~152E. 

June 2nd half Both data fits well in 100E~112E but error occurs in 93E~100E. And error remains in western 

part of the East Siberian Sea in 131E~152E. 

July 1st half Error occurs mainly in 100E~105E(Vilkitsky Strait) and 135E(Sanikov Strait), but both data 

sets fits well in rest of the part. 

August 2nd half Error occurs in Ob Bay area. 

September 2nd half Error occurs in Ob Bay area. 

October 1st half Error occurs in western part of the East Siberian Sea in 151E~159E 

October 2nd half Error occurs equally in 98E~167E and shows that TOPAZ4 estimates freezing earlier than 

observation of AMSR2. 

 

2. CHARACTERIS OF SEA ICE ALONG THE NORTHERN SEA ROUTE 
(1) Simple moving average sea ice condition of the NSR water area 

Based on TOPAZ4 data set, we calculated five-year average of five-day simple moving average(SMA) of sea 

ice concentration and thickness from 2011 to 2015 in order to smooth daily and annual variation. Here, daily 

average sea ice data set is provided by 12.5km by 12.5km gridded formation. In general, ships are sailing at a 

speed of 5~12 knots in ice infested condition of the NSR so that ship will sail 17~42 grids in one day. So, this 

could be capable fineness if we aim at primary characteristics of sea ice to examine navigability.  

Fig.7 shows Five-year average of five-day SMA of sea ice concentration(left) and standard deviation(right). 

In July, the Laptev Sea becomes ice free and standard deviation(STD) becomes large in eastern part of the 

Kara Sea, where ice starts to melt. In August, STD becomes large in eastern part of the Kara Sea and East 

Siberian Sea, both where ice melts rapidly. In September, large STD is found only in the Vilkitsky Strait and 

Sanikov Strait. In October, STD becomes large in the Kara Sea and East Siberian Sea where ocean starts to 

freeze. In November, the East Siberian Sea is covered by ice and STD becomes small, but STD in the Kara 

Sea is still large. In general, large STD area is found nearby edge of ice covered area. 

Fig.8 shows Five-year average of five-day SMA of sea ice thickness(left) and STD(right). In July, ice thickness 
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becomes less than 1.0(m) along the Russian Arctic coast. STD becomes large in the East Siberian Sea and 

eastern part of the Kara Sea, where ice starts to melt. In August, STD becomes large near the Vilkitsky Strait. 

In September, ice thickness becomes very small all along the NSR. In October and November, ocean starts to 

freeze but ice thickness is small. 

    
(a) Day 210-214 (July) 

    
(b) Day 240-244 (August) 

    
(c) Day 270-274 (September) 

    
(d) Day 300-304 (October) 

    
(e) Day 330-334 (November) 

Fig.7 Five-year average of five-day SMA of sea ice concentration(left) and standard deviation(right) 
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(a) Day 210-214 (July) 

   
(b) Day 240-244 (August) 

   
(c) Day 270-274 (September) 

     
(d) Day 300-304 (October) 

     
(e) Day 330-334 (November) 

Fig.8 Five-year average of five-day SMA of sea ice thickness(left) and standard deviation(right)  
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(2) SMA of sea ice condition along the NSR 

From the five-year average of five-day SMA of sea ice condition based on TOPAZ4, SMA of sea ice 

concentration and thickness along the NSR are retrieved and showed by Fig.9 and Fig.10 respectively. These 

figures show ice concentrated water area and thick ice field seasonally. In Fig.8, sea ice concentration tends to 

become large around 100E water area including the Vilkitsky strait. In average, the NSR becomes ice free from 

240 to 270 Julian day. However, by maximum sea ice concentration, water area around the Vilkitsky strait does 

not become ice free. STD is large in this water area and nearby edge of ice covered field. 

In Fig.9, sea ice thickness becomes thick in east of 180E in the Chukchi Sea from 60 to 160 Julian day in 

average and from 20 to 200 Julian day at maximum. However, this thick ice does not remain in summer season 

and the Chukchi Sea becomes ice free. The East Siberian Sea of 150E to 180E is also becomes thick ice filed 

from 40 to 180 Julian day. 

 

 

Fig.8 Five-year average of five-day SMA of sea ice concentration along the NSR 
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Fig.9 Five-year average of five-day SMA of sea ice thickness along the NSR 

 

(3) Sea ice and navigability along the NSR 

Navigability of ship in ice infested waters may differ ice condition. If water surface is fully covered by ice as 

ice concentration is 100%, navigability will differ thin ice and thick ice condition. Alike navigability will differ 

low ice concentration with thin ice and thick ice. To take into account these two parameters, Fig.10 shows 

distribution of ice volume in unit water area along the NSR calculated by multiplying five-year average of 

five-day SMA of ice concentration and thickness. Here, navigation difficulty of 100% ice covered water area, 

which can be seen in the freezing season after 300 Julian day, may differ due to ice thickness. However, 

navigation difficulty might increase if marginal ice zone occurs such as ridged ice, ice flow field under high 

compression. This study does not take account of these hazardous ice condition because of the difficulty of 

observation and lack of field information. And this is our future task to examine. 
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Fig.9 Sea ice volume in unit water area along the NSR calculated by five-year average of five-day SMA 

 

5. CONCLUSIONS 
Sea ice concentration and thickness of the Arctic Ocean was retrieved from the data assimilation dataset of 

TOPAZ4. And sea ice concentration along the NSR was compared to satellite observation data set provided by 

AMSR2 through ADS. Error between two data sets was found in water areas nearby straits which divides 

Arctic Ocean by islands, and ice melting season. However, two data sets fit fairly well for the purpose of 

investigating navigability. Then based on TOPAZ4, five-year average five-day SMA and STD of sea ice 

concentration and thickness was calculated. In both concentration and thickness, STD becomes large at water 

area of ice melting/freezing season especially in water area nearby straits. Then both five-year average five-

day SMA of concentration and thickness along the NSR was retrieved and seasonal change of ice concentrated 

water area and thick ice field was examined by figures. These sea ice characteristics would help to examine 

water area where navigation difficulty increases. However, we need to take into account more hazardous ice 

condition such as ridge and ice floe field under high compression stress. 
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