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Abstract International attention on the Northern Sea Route has been increased as the decreased sea-ice extents in
Northern Sea raise the possibility to develop new sea routes and natural resources. However, to protect ships’ safety
and pristine environments in polar waters, International Maritime Organization(IMO) has been developing the Polar
Code to regulate polar shipping. The marine navigation supporting system is essential for ships traveling long distance
in the Northern Sea as they are affected by ocean weather and sea-ice. Therefore, to cope with the IMO Polar Code, this
research proposes the functional requirements to develop the marine navigation supporting system for the Northern Sea
Route. The functional requirements derived from the IMO Polar code consist of arctic voyage risk map, arctic voyage
planning and MSI(Marine Safety Information) methods, based on which the navigation supporting system is able to
provide dynamic and safe-economical sea route service using the sea-ice observation and prediction technologies.
Also, a requirement of the system application is derived to apply the marine navigation supporting system for
authorizing ships operating in the Northern Sea. To reflect the proposed system in the Polar Code, continual
international exchange and policy proposals are necessary along with the development of sea-ice observation and
prediction technologies.
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Figure 1. Ice navigation information from AARI (http://
www.aari.nw.ru/default_en.asp)

Figure 2. Daily ice concentration (Left) and weather
forecast chart (Right) from AWT[13]
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Equipment
« DE 57/11/2: Outcome of COMSAR 16, STW 43 and NAV 58

Navigational/Operational Matters & PWOM

+ DE 57/11/3: Establishment of a risk basis for Polar Code requirements

+ DE 57/11/19: Comments on report of the correspondence group

+ DE 57/11/21: Administrative procedures for application of the Polar Code
« DE 57/11/22: PolarWaters Operating Manual

Hull, Machinery and Equipment

+DE 57/11/7: Description and comparison of the Finnish-Swedish ice classes and the Polar Classes
+DE 57/11/8 : Propulsion power for ice-strengthened and ice-going ships

+DE 57/11/INF.3: Simulation of ship-ice interaction

+DE 57/11/INF 4 Safety of Winter Mavigation in the Baltic Sea Area

+DE 57/11/15: Ship categories and selection of ice classes for ships operating in polar areas

Figure 3. IMO polar code for the design and development
of arctic sea navigation supporting system
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Figure 4. Overview of arctic sea navigation supporting
system for Northern Sea Route
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Table1. Activities of IMO subcommittee on ship design and equipment (DE) for a Polar Code and functional
requirements for the marine navigation supporting system

DE DE Summary Functional requirements
Identification of the most effective risk mitigation measures as well as the . .
s .. . .. | Arctic Voyage Risk Map
DE 57/11/3 |expert groups’ assessment of the relative importance of different risk . .
. Arctic Voyage Planning
factors for polar operations
DE 57/11/6 |Definition of three basic categories of ship operating in polar waters | Arctic Voyage Risk Map

DE 57/11/19

Comments on the design and operation of ships in ice-covered waters.
Suggestion of “safe speed in ice” as a guideline for a ship that enables
safe and efficient navigation in ice and cold environments

Arctic Voyage Planning

DE 57/11/21

Introduction of a flow chart describing how the Polar Code might
practically apply ships in polar waters

Application

DE 57/11/22

Topic of a Polar Water Operating Manual (PWOM) and a list of key
elements and requirements which should be addressed in PWOM

Arctic Voyage Risk Map

DE 57/11/24

navigation

Comments on the need for systematic and complete hydrographic survey
as increasingly large unsurveyed areas may be becoming available for

MSI(Marine Safety
Information) Map
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o

Figure 5. Example of the voyage risk map in the Arctic
Sea
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I

‘ Optimal Route ‘

Figure 6. Examples of the voyage planning considering
obstacles and navigational environments in
the Arctic Sea
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Arctic Nautical Chart Generation Algorithm
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Economical- and Safe- Route Service

Figure 7. Example of Arctic nautical chart showing
sea ice distribution and predicted navigational

parameters
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Arctic Ocean Forecast/
Nowcast Information

Sea-Ice Monitoring and

Ship Information Prediction Information
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Route Service

PAN

J

Figure 8. Flow chart of the ice navigation supporting system (Left) and polar water operation manual (Right)
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