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Foreword

As the President of the World Maritime University (WMU), it is my pleasure to
introduce the seventh volume of the WMU Studies in Maritime Affairs book series
published by Springer, titled Sustainable Shipping in a Changing Arctic. This series
was launched in 2013 to encourage academics and practitioners from all areas of
specialization across the field of maritime affairs to contribute to the expansion of
knowledge through publications of the highest quality and market relevance. Previ-
ous books in the series include Farthing on International Shipping (2013), Piracy at
Sea (2013), Maritime Women: Global Leadership (2015), Shipping Operations
Management (2017), Corporate Social Responsibility in the Maritime Industry
(2018), and Trends and Challenges in Maritime Energy Management (2018).

With this book series, the WMU aims to further develop capacity and expertise in
maritime education and training; maritime law and policy; maritime safety and
environmental administration; port management, shipping management, and logistics;
maritime energy management; and ocean sustainability, governance, and manage-
ment. The book series also serves as a platform for promoting and advancing the UN
2030 Agenda for Sustainable Development and the marine-related Sustainable Devel-
opment Goals, particularly Goal 14 on oceans as well as the interconnected Goals
4 (quality education), 5 (gender equality), 7 (affordable and clean energy), 9 (industry,
innovation, and infrastructure), 13 (climate action), and 17 (partnerships).

WMU is a postgraduate maritime university established in 1983 by the Interna-
tional Maritime Organization (IMO), a specialized agency of the United Nations. It
aims to further enhance the objectives and goals of IMO and IMO member states
around the world. The fundamental objective of the University is to provide the
international maritime community, and in particular developing countries, with a
centre for advanced maritime and ocean education, research, scholarship, and
capacity building and an effective means for the sharing and transfer of technology
from developed to developing maritime countries, with a view to promoting the
achievement, globally, of the highest practicable standards in matters concerning
maritime safety and security, efficiency of international shipping, the prevention and
control of marine pollution, including air pollution from ships, and other marine and
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related ocean issues. We also facilitate the harmonization, uniform interpretations,
and effective implementation of maritime Conventions and related instruments.

This book gives particular emphasis to one such recent instrument, the IMO Polar
Code for ships operating in Arctic and Antarctic waters. The Polar Code came into
force on 1 January 2017. It marks a historic milestone in the work of the IMO by
specifically addressing the importance of protection of the polar environments and
going above and beyond those of existing IMO Conventions such as MARPOL,
SOLAS, and STCW.

WMU is also a platform for knowledge generation, exchange, and dissemination,
through seminars, workshops, and major conferences. Indeed, the genesis of this
book was a successful conference, co-convened by WMU, IMO, and the Arctic
Council’s Protection of the Arctic Marine Environment (PAME) Working Group in
Malmo, Sweden, in August 2015, titled Safe and Sustainable Shipping in a Chang-
ing Arctic Environment (ShipArc2015). This conference brought together leading
figures in Arctic climate change, polar shipping, maritime law, environmental
protection, and Arctic marine policy.

Sustainable Shipping in a Changing Arctic comes as a response to a profoundly
changing Arctic marine environment with expanding marine use. It aspires to
become a one-stop read for all interested parties from both the maritime business
sector and academia. The chapters are written by world renowned academics and
practitioners, all experts in their subject area. The book covers broad areas that focus
on safe and sustainable shipping in a changing Arctic, a highly relevant topic that
requires integrative knowledge and technical expertise spanning various disciplines.

This edited volume addresses a fundamental gap in the contemporary literature on
the maritime Arctic. It offers a vital reference guide for Arctic and non-Arctic states
and those with an interest in the Arctic, including the regulatory community, govern-
ments, the shipping industry, natural resources industries, and nongovernmental
organizations. This volume will also serve as a teaching supplement in academic
and professional maritime programmes.

Iinvite you to read this book and I am confident that you will find it relevant and
responsive to your needs to know more about the new maritime Arctic.

World Maritime University, Malmo Cleopatra Doumbia-Henry
Sweden
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Abstract Fundamental changes continue to reshape the maritime Arctic. Globali-
zation (the linkage of Arctic natural resources to global markets), profound climate
change, regional and global geopolitics, and challenges to the Arctic’s indigenous
people are all drivers of a new era at the top of the world. The Arctic Council’s Arctic
Marine Shipping Assessment released in 2009 continues to be a key, policy frame-
work of the Arctic states for protection of Arctic people and the marine environment.
An International Maritime Organization (IMO) Polar Code ushered in on 1 January
2017 a new era of governance for commercial ships and passenger vessels sailing in
polar waters. Current Arctic marine commercial traffic is dominated by destinational
voyages related to natural resource development, particularly along Russia’s North-
ern Sea Route. New Arctic marine operations and shipping are emerging, but
significant challenges remain including: effective implementation and enforcement
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of the IMO Polar Code; a huge gap in Arctic marine infrastructure (hydrography and
charting, communications, emergency response capacity, and more); enhancing the
monitoring and surveillance of Arctic waters; the challenge of developing a set of
marine protected areas and additional Polar Code measures for the circumpolar
region; and, the need for large public and private investments, as well as potential
public-private partnerships in the Arctic. Cooperation among the Arctic states, the
non-Arctic shipping states, and the global maritime enterprise will be critical to
effective protection of Arctic people and the marine environment, and developing
sustainable strategies for the region.

Keywords Arctic marine traffic - Infrastructure - Polar Code - Arctic Marine
Shipping Assessment - Arctic Council - Marine safety - Environmental protection

1 Introduction

Fundamental changes have come to the maritime Arctic early in the twenty-first
century. The Arctic Ocean’s sea ice cover is undergoing a profound transformation
in extent, thickness and character (witness the transition from multiyear ice to
dominant first year ice). The Arctic is becoming more integrated with the global
economy through development of its vast natural resources including not only oil
and gas, but also a suite of hard minerals such as cooper, nickel, palladium, zinc and
more. These economic developments require new marine transportation systems that
can operate safely and effectively in ice-covered waters. While the Arctic states have
cooperated closely within the Arctic Council since its establishment in 1996, outside
geopolitics and the involvement of many non-Arctic states in Arctic affairs have
created a far more complex situation than at any time after the Cold War. Also, the
process of the delineation of the outer continental shelf in the Arctic Ocean is
simultaneously underway as provided for in the United Convention on the Law of
the Sea (Article 76 of UNCLOS). The voices of the Arctic indigenous peoples are
also being heard more clearly in the Arctic states, the Arctic Council, and interna-
tional bodies such as the United Nations and the International Maritime Organization
(IMO). Within this complex of changes is a continuing global process to establish an
integrated system of rules and measures to govern Arctic marine safety and envi-
ronmental protection. One of the central challenges is to preserve the basic principles
of freedom of navigation (established by UNCLOS and customary law) with the
rights of the Arctic indigenous people and the overall sustainable development of
the region.

An important issue to address is how ‘Arctic shipping’ should be defined in this
volume and within the larger community of Arctic Ocean users, regulators, and
stakeholders. A narrow approach would be to focus solely on trans-Arctic voyages,
potential shipping routes (although seasonal) across the Arctic Ocean, that have been
promoted in the global media. However, most voyages today and those in the future
are considered destinational in that a ship enters the Arctic, perhaps delivers and
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loads cargoes, and then sails out without transiting between oceans. Most Arctic
tourist cruises are also destinational in taking passengers to locations such as
Svalbard, Greenland and the Canadian Arctic. A more holistic approach, used in
the Arctic Council’s Arctic Marine Shipping Assessment (AMSA), is to include all
vessels (100 tons or more was chosen in AMSA) that operate in the Arctic and are
discharging into Arctic waters and releasing emissions into the lower atmosphere.
Recent approaches in the Arctic Council use the more inclusive term ‘Arctic marine
operations and shipping” which includes all sectors such as fishing and especially
offshore development, which normally requires an armada of support vessels around
drilling rigs (PAME 2013). The main issue is that approaches need not be
constrained by the perceptions and possibilities of trans-Arctic navigation. Using a
broad definition such as ‘marine operations and shipping’ includes all vessels and
better represents the future levels of Arctic traffic that can be used to develop
measures to protect Arctic people and the marine environment (Brigham 2017).

2 Arctic Marine Shipping Assessment: Policy Framework

The AMSA 2009 Report released by the Arctic Council after approval by the Arctic
Ministers (in Tromso, Norway at the Arctic Council Ministerial meeting in April
2009) remains an influential, strategic document. AMSA should be viewed in three
key perspectives:

* As abaseline assessment of Arctic marine operations across all sectors using the
AMSA database collected from the Arctic states and as an historic snapshot of
Arctic marine use early in the twenty-first century.

* As a strategic guide for the Arctic and non-Arctic states, the Arctic indigenous
people, the global maritime industry, and a host of actors and stakeholders who
have interests in the future of the maritime Arctic.

* Asapolicy document of the Arctic Council since the AMSA 2009 Report and its
recommendations were approved in consensus by the eight Arctic Ministers after
a lengthy negotiation process led by the Senior Arctic Officials and Arctic state
representatives in the PAME Working Group.

The study report highlighted 96 findings that included such fundamental topics
as: UNCLOS being the legal framework for Arctic ocean governance; the IMO
being the appropriate international body for the Arctic and non-Arctic states to turn
to for issues related to Arctic maritime safety, environmental protection, and security
(the report noted all eight Arctic states are active and influential IMO members); as
of the release of AMSA in 2009 there were no mandatory IMO safety and protection
rules or standards for polar ships, only voluntary guidelines; despite the profound
changes in sea ice in recent decades the Arctic Ocean remains ice-covered for much
of the year, not ice-free; nearly all current Arctic marine traffic is destinational not
trans-Arctic voyaging (the same is true for traffic in 2017); the most significant threat
of ships to the Arctic marine environment is the release of oil from accidental or
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illegal discharge; the key drivers and uncertainties of future Arctic navigation are
Arctic natural resource development (and trade) and the state of governance for ships
operating in the Arctic Ocean; a large number of uncertainties influence the future of
Arctic marine activities, most significant being global commodity pricing (from the
AMSA scenarios creation effort); and, Arctic shipping can have both negative and
positive impacts on the social, cultural and economic conditions in coastal commu-
nities (from the AMSA Town Hall meetings) (AMSA 2009). All of these findings
have significant implications for new regulatory and governance requirements for an
increased number of ships operating in polar waters.

The 17 AMSA recommendations negotiated by the Arctic states are included in
three, inter-related themes: I. Enhancing Arctic Marine Safety; II. Protecting Arctic
People; and, III. Building the Arctic Marine Infrastructure (see Appendix B).
Addressing all three themes is critical to achieving enhanced marine safety and
environmental protection throughout the Arctic Ocean. Although AMSA did not
focus on investment and funding these recommendations, it noted all would require
broad international cooperation and likely public-private partnerships. The Arctic
marine safety recommendations involved the IMO, particularly a focus on manda-
tory rules and regulations for ships operating in polar waters and moving beyond
voluntary rules. The second set of recommendations considered a range of protection
strategies and greater engagement with coastal communities. An important recom-
mendation called for surveys of indigenous marine use, critical information given
integrated, multiple use management approaches in the future (one example is
ecosystem-based management), and the designation of special Arctic marine areas.
Other significant impacts addressed by the AMSA recommendations include: inva-
sive species, oil spills, effects on marine mammal, and air emissions (AMSA 2009).

The third theme of AMSA recommendations focused on the critical importance
and lack of marine infrastructure throughout most the Arctic marine environment
(AMSA 2009). The Arctic lacks a host of infrastructure that is central to marine
safety and environmental protection including: hydrographic data and adequate
charting; environmental monitoring and forecasting (sea ice, weather and icebergs);
SAR capacity; environmental response capacity; ship monitoring and tracking
systems (situational awareness which is reviewed extensively in this volume); sal-
vage; deep water ports and port facilities; aids to navigation; adequate communications;
and, more. The Arctic states in AMSA recognized that each marine infrastructure need
will require significant and committed long-term funding. Public-private partnerships
could be established for joint funding of ports, ship monitoring and surveillance
systems, and communications systems.

In summary AMSA remains for the Arctic states and Arctic Council a key,
framework policy document. Status reports for implementation of the AMSA rec-
ommendations have been issued by PAME and the Council at Ministerial meetings
in Nuuk (2011), Kiruna (2013), Igaluit (2015) and Fairbanks (2017). AMSA is
important to this volume as many of its recommendations speak to the sustainability
of Arctic marine operations and shipping and the need for a holistic, integrated
approach to marine safety and environmental protection.
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3 Forces of Change

The most visible driver of Arctic change and the one that garners the most global
attention is the rapid retreat of sea ice at the top of the world. Perhaps it is also the
most misunderstood factor with regard to the possibility for increased shipping.
Clearly there is greater marine access throughout much of the Arctic Ocean due to
the relentless decrease in sea ice extent and thickness observed in all seasons.
However, it is critical to note from a marine transportation perspective that the
Arctic Ocean remains fully or partially ice-covered for much of the autumn, winter
and spring and only in summer will there potentially be long periods of ice-free
conditions. It is not that marine transportation cannot flourish in these ice-covered
conditions, it is that ice class commercial ships (one of seven Polar Classes, see
Appendix G) will likely be required for most Arctic marine operations, once the
IMO Polar Code comes fully into force on 1 January 2018 for ships built prior to
2017 (on 1 January 2017 all newly built ships have already come under the Polar
Code). Quantifying this new Arctic marine access from Global Climate Model sea
ice simulations of the future, and determining the lengths of the ice navigation
seasons (using Polar Class ship capabilities) are two of the current research chal-
lenges that can provide key strategic information for planning Arctic marine trans-
portation systems.

Globalization of the Arctic—the linkages of Arctic natural resources to global
markets—was identified in the AMSA scenarios creation effort as the primary driver
of the need for marine transportation systems in the Arctic Ocean (AMSA 2009).
Arctic natural resource developments driven by global commodities prices remain a
paramount factor influencing Arctic marine operations and levels of vessel traffic.
For example, this factor is driving increases in traffic along the Eurasian Arctic and
Russia’s Northern Sea Route especially to the new liquified natural gas (LNG)
terminal at Sabetta on the Yamal Peninsula. Also, offshore hydrocarbon develop-
ment in the Norwegian Arctic in the Barents Sea requires significant marine support
activity to exploratory drilling. A second major factor indicated in the AMSA
scenarios work is the governance of Arctic marine activity described as the degree
of stability of international rules and standards for marine use within the Arctic
Ocean and for the global oceans. Implied by governance is the need for a stable,
effective operating system of legal and regulatory structures; UNLOS provides the
over-arching legal framework for the Arctic Ocean and the IMO Polar Code is a new
governance regime for commercial ships in polar waters. Recent treaties negotiated
by the Arctic states addressing Arctic Oil Spill Preparedness and Response, and
Arctic Search and Rescue (See Appendices C and D), add to the web of emerging
Arctic Ocean governance required in the twenty-first century. Future issues such as
the designation of marine protected areas, new emissions controls (including black
carbon), the use of heavy fuel oil, and further measures for control of discharges and
evasive species, will set a more sustainable path for Arctic marine use.

Increases in Arctic marine traffic are of great concern to the Arctic indigenous
people especially those who live in coastal communities. The voices and rights of
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these indigenous people, who have lived in the Arctic for millennia and used Arctic
waters as a critical part of their survival, are being heard more clearly by the Arctic
states, the Arctic Council (where they have representatives and delegations as
Permanent Participants), and international forums such as the UN and IMO. The
Arctic states have the challenges of protecting their Arctic (indigenous) citizens
during this period of historic changes in the region, and providing avenues of
economic stability, while at the same time following strategies for sustainable
development in their northern regions. In summary the ‘new’ maritime Arctic
mandates that governments and industry foster greater communication and involve-
ment of the Arctic indigenous people in decision-making to respond to their range of
concerns and interests with regard to Arctic maritime affairs.

4 Current Arctic Marine Traffic and Key Routes

The map in Fig. 1 presents the general geography of the eight Arctic states and the
key marine routes early in the twenty-first century. Notable are the two historic major
waterways: the Northwest Passage (NWP), a set of routes through the straits of the
Canadian Arctic Archipelago that link Baffin Bay and the Atlantic with Bering Strait
and the Pacific; and, Russia’s Northern Sea Route (NSR), a set of routes (defined in
Russian Federation law) between Kara Gate at the southern tip of Zemlya to Bering
Strait. All of the Russian routes are incorporated in the exclusive economic zone out
to 200 nautical miles including the waters of the Barents Sea where there is
significant Arctic marine traffic (but not part of the NSR). The map also indicates
additional marine routes around both Greenlandic coasts, into Hudson Bay, around
Alaska, to Svalbard and in the Barents Sea.

The NSR is the one waterway that is showing significant increases in
destinational traffic mostly to the Yamal Peninsula where Russia is developing an
LNG terminal at Sabetta (on the western side of the Ob Gulf). A second key port
complex is Novy Port, an oil export terminal 190 miles south of Sabetta also on the
western shore of the Ob Gulf. Year-round navigation to both ports can be achieved
with icebreaker escort. A fleet of fifteen icebreaking LNG carriers, ships of
300-meter length and that can carry 170,000 m® of liquefied gas, will call at Sabetta
and carry LNG out of the Russian Arctic to global markets. These LNG carriers can
operate independently without icebreaker support in modest ice conditions, and sail
year-round westbound on the NSR to Russian and European ports. During the
summer navigation season (3—4 months) the same ships will sail eastbound along
the NSR to Bering Strait and into the Pacific to Asian markets. The first ship of this
class, named Christophe de Margarie, underwent successful ice trails in March 2017
and made an historic passage from Hammerfest, Norway to Korea carrying LNG in
summer 2017. On 8 December 2017 the LNG facility at Sabetta was opened by
President Putin and the Christophe de Margarie loaded its first LNG cargo there
initiating a new connection to global markets via the NSR (Staalesen 2017).
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Fig. 1 Arctic Ocean marine routes. Source: L.W. Brigham, University of Alaska Fairbanks

It is also important to note that Arctic ship traffic has been maintained since 1979
from Dudinka, port city on the Yenisey River to Murmansk. This port links Norilsk,
the industrial mining complex (world’s largest producer of nickel and palladium) to
the NSR and global markets. The marine transportation system consists of five,
icebreaking carriers that do not normally require icebreaker escort. All of the
aforementioned voyages are destinational. Full trans-Arctic voyages along the
NSR have been less in number; during the 2011-2016 navigation season a modest
23 ships annually made a summer voyage across the full length of the NSR (Brigham
2016).

The NWP has experienced a modest growth of vessels making a full voyage from
Atlantic to Pacific. However, only 290 vessels have made a complete voyage
through the Northwest Passage (Pacific to Atlantic or vice versa) in its history
from 1906 by the Norwegian Roald Amundsen in Gjoa to the end of 2017 (Headland
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2017). During the past decade the vast majority of vessels making a full NWP
passage have been private yachts and adventurers. During the 2017 navigation
season 33 vessels made a complete NWP voyage; there were six notable voyages:
an ice-capable commercial carrier, the Atlanticborg, carrying a cargo of aluminum
from China to Quebec; the ice-strengthened cruise ship Bremen; the cruise ship
Crystal Serenity with 2000 passengers; the Finnish icebreaker Nordica; the
U.S. Coast Guard buoy tender Maple; and the Chinese icebreaking research vessel
Xue Long (Headland 2017). However, this accounting of the (small) number of full
NWP voyages does not reflect the majority of ship traffic in the Canadian Arctic.
Most of the vessels in the region are sailing on destinational voyages primarily
supporting Arctic communities and northern mines (for the export of bulk cargo)
during the summer navigation season.

The Russian maritime Arctic and the offshore waters of Arctic Norway are the
two regions which will likely witness increasing marine traffic in the decades ahead.
The future of the North American maritime Arctic remains less certain and will
plausibly experience increased traffic with rising global commodities prices. Arctic
marine tourism may increase using smaller, polar expeditionary ships in summer.

5 New IMO Polar Code

The IMO International Code for Ships Operating in Polar Waters (Polar Code) is
covered comprehensively in this volume. The importance and seminal nature of this
new governance regime for polar waters cannot be over-stated. At its core the Code
addresses marine safety and environmental protection issues for ships operating in
cold, remote waters where maritime infrastructure is usually non-existent or very
limited. However, the Polar Code is not a new IMO convention, but is a set of
amendments to three IMO established instruments: the International Convention for
the Safety of Life at Sea (SOLAS); the International Convention for the Prevention
of Pollution from Ships (MARPOL); and, the International Convention on Standards
of Training, Certification and Watchkeeping for Mariners (STCW). The central goal
of the new Code is to create a uniform and nondiscriminatory set of rules and
regulations for polar marine operators (Brigham 2017). The Code also includes a
set of unified requirements seven Polar Class ships developed by the International
Association of Classification Societies (see Appendix G for the Polar Class ship
categories).

The Polar Code establishes binding or mandatory international standards for new
and existing commercial carriers and passenger ships (500 tons or more) operating in
Arctic and Antarctic waters. The Code covers a range of safety and protection issues:
ship structural standards; required safety equipment; training and experience stan-
dards for the ship’s officers and crew; and, environmental rules regarding oil,
noxious liquids, sewage, and garbage. All of the maritime states, both flag and
port states, have the challenge of implementing and enforcing the many elements
of the Polar Code. The ship classification societies and marine insurance industry
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have key roles in evaluating the future risks of ships operating in polar waters and
implementing these new uniform, international standards. The flag states will need to
develop a process for issuance of the mandated Polar Certificate and foster the
development of the ship-specific Polar Water Operational Manual which is now
required for ships voyaging in polar waters.

The IMO Polar Code is only the beginning of a long process to further protect
polar waters in an era of increasing polar marine operations. The IMO Polar Code is
not comprehensive in that it does not in its initial version address such issues as black
carbon, heavy fuel (in Arctic waters), ballast water discharges, an IMO emissions
control area for the Arctic, and perhaps designation as a Particularly Sensitive Sea
Area (PSSA). These issues will surely be addressed by IMO in the years ahead.
During the 30th IMO Assembly in late 2017, a Polar Code ‘Second Phase’ was
discussed which would address the issue of fishing vessels and smaller ships (under
500 tons and not covered by SOLAS) being included under the Code’s requirements
(IMO 2016).

6 Chapter Themes and Issues

This volume is focused on a broad set of challenges and issues related to sustainable
shipping in a future Arctic, a region experiencing extraordinary change. The new
IMO Polar Code provides a critical governance framework for polar operations of
commercial ships and is comprehensively reviewed in the early chapters by IMO
experts and academic scholars. Arctic ship monitoring and tracking is a fundamental
element of infrastructure to provide effective enforcement of the Polar Code and
other measures of safety and environmental protection. Tracking of Arctic ships by
AIS is also a measure of prevention and enhanced safety as indicated in the chapters
that provide a review of the latest uses of this technology to obtain a better
understanding of real-time Arctic marine traffic patterns. Key chapters on Arctic
Governance review the important legal implications of marine insurance and Arctic
shipping, a look at the governance of biodiversity in the central Arctic Ocean, and
how non-Arctic states view governance in their national Arctic strategies.

Effective measures of marine protection and emergency response capacities in the
Arctic environment are critical requirements. Identifying potential marine protected
areas (MPAs) and developing integrated strategies for Arctic oil spill response,
especially in the remote central Arctic Ocean, are addressed in two comprehensive
chapters. A review of the interactions of marine traffic and coastal communities of
the Bering Strait region is a valuable chapter in that it presents the very real impacts
increasing marine operations can have on local communities. Marine training (for
example, ice navigation and emergency response) and capacity building are signif-
icant needs throughout the Arctic. Select requirements are covered in a set of
chapters that includes a review of an industry research program on Arctic oil spill
response. Sustainable Arctic business practices for offshore oil and gas in
ice-covered waters are presented in a key review focusing on issues of resource
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allocation and operational management challenges. In summary, the chapters
together represent a diversity of maritime challenges and issues and highlight the
complexity of responses to greater use of Arctic waters and coastal environments.

7 Challenges and the Future

One of the interesting developments in Arctic affairs is that the response to increased
marine operations and shipping in the Arctic has driven greater international coop-
eration among the Arctic states (in the Arctic Council) and within the IMO and other
relevant bodies (Brigham 2011). The binding agreements of the Arctic states on
Arctic search and rescue (2011) (Appendix D), and Arctic oil spill preparedness and
response (2013) (Appendix C) indicate a strong willingness to reach consensus on
practical maritime issues of near-term importance. The Arctic Council’s AMSA
represents a key policy framework and strategic guide that outlines the way forward
by a unified group of Arctic states in protecting Arctic people and the marine
environment. AMSA also showed the complexity of the drivers of future Arctic
navigation in its set of plausible scenarios for the future (AMSA 2009). For the IMO,
the marine insurance industry, and the global shipping enterprise, the Polar Code
represents a new regulatory regime for polar waters and importantly, a set of
uniform, non-discriminatory standards. However, the Polar Code presents a host
of policy and practical challenges in its implementation as well as enforcement by
the flag and port states. While the Polar Code is a seminal advance in governance of
polar waters, the continued gap in maritime infrastructure (in hydrography and
charting, aids to navigation, communications, salvage, port facilities, and more)
hinders robust Arctic development (World Economic Forum 2014).

The current and future governance and regulatory instruments in the Arctic will
require a continued close relationship between the Arctic Council and IMO, and
consistent communication and involvement of the Arctic indigenous peoples. Infor-
mation and data sharing among the Arctic states, indigenous groups, the maritime
industry and all stakeholders must become the norm to achieve a greater under-
standing of the Arctic environment increasingly under profound change and stress.
One of the key challenges will be for this diverse community of players to develop a
more common understanding of what ‘sustainable development’ means in the
context of increasing maritime use of the Arctic Ocean. The chapters in this volume
will serve to highlight these challenges and portray issues in how sustainability can
be reckoned with increasing use while embracing effective protection of Arctic
peoples and the marine environment.
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Abstract The International Code for Ships Operating in Polar Waters, better known
by its short name “Polar Code”, was adopted by the International Maritime Organi-
zation (IMO) in 2014/2015. The Code became effective on 1 January 2017 upon
entry into force of the associated amendments making it mandatory under both the
International Convention for the Safety of Life at Sea (SOLAS) and the International
Convention for the Prevention of Pollution from Ships (MARPOL). The Polar Code
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marks a historic milestone in the Organization’s work to protect ships and people
aboard them, both seafarers and passengers, in the harsh and vulnerable environment
of the waters surrounding the two poles, and at the same time protecting those
environments. This chapter gives an overview of the requirements of the Code with
regard to maritime safety and marine environment protection, also addressing its
place in the existing global framework regulating international shipping. Associated
training and certification requirements for officers and crew serving on ships oper-
ating in polar waters, as have been included in the International Convention on
Standards of Training, Certification and Watchkeeping for Seafarers (STCW), are
also described. The chapter finally examines what more can be done to ensure the
safety of polar shipping, taking into account on-going discussions at IMO.

Keywords Polar Code - Regulatory framework - SOLAS - MARPOL - Heavy fuel
oil

1 Introduction

Trends and forecasts indicate that polar shipping will grow in volume and diversity
over the coming years. Commercial shipping and tourism are increasing. So-called
eco-tourists are drawn by the breath-taking beauty of the polar landscapes, the
chance to encounter some unique wildlife, and the sheer majesty of glaciers and
icebergs. For ships carrying commercial cargo, northern sea routes offer the chance
to considerably reduce journey distances between Europe and the Far East and
thereby save on fuel, workforce and other operational costs. Also, the opportunities
presented by the energy and mineral resources located in the areas around the poles
are both impossible to ignore and another source of increased maritime traffic.

The challenges these developments bring need to be met without compromising
either safety of life at sea or the sustainability of the polar environments. It cannot be
denied that economic development and increasing commercial activity in the polar
regions are controversial topics. There is an understandable and instinctive reaction,
shared by many, against opening up two of the world’s last remaining wilderness
areas to exploitation. But the reality is that we cannot turn back a rising tide. The fact
is that commercial activity and economic development in the polar areas are increas-
ing, and increasing rapidly. The real issue is not whether this is a good thing; it is
how to meet these challenges without compromising either safety of life at sea or the
sustainability of the polar environments.

IMO’s role is to ensure that the ships, and the people on them, which do operate in
Arctic and Antarctic waters are safe and that their impact on the environment is
minimal. The safety of ships operating in the harsh, remote and vulnerable polar
areas and the protection of the sensitive environments around the two poles has
always been a matter of concern for IMO and measures that specifically address
shipping operations in those regions have been in place for several years.
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However, with more and more ships navigating in polar waters, IMO has moved
to address international concern about the protection of the polar environment and
the safety of seafarers and passengers with the introduction of the mandatory Polar
Code, for ships operating in Arctic and Antarctic waters. It entered into force on
1 January 2017 and it is the single most important initiative to establish an appro-
priate international regulatory framework for polar shipping. It is particularly impor-
tant to keep in mind that the Polar Code requirements, which were specifically
tailored for the polar environments, go above and beyond those of existing IMO
conventions such as MARPOL and SOLAS. All the extensive safety and environ-
mental regulations included in these and other IMO conventions are applicable
globally and will still apply to shipping in polar waters. However, the Polar Code
adds an additional layer on top, specifically for ships operating in these areas.

Operating ships in polar waters presents unique challenges. Poor weather condi-
tions and the relative lack of good charts, communication systems and other navi-
gational aids can pose serious problems. If accidents do occur, the remoteness of the
areas makes rescue or clean-up operations difficult and costly. Extreme cold may
reduce the effectiveness of numerous components of the ship, including deck
machinery and emergency equipment. Ice can impose additional loads on the hull
and propulsion system. To address these issues, the Polar Code sets out mandatory
standards that cover the full range of design, construction, equipment, operational,
training and environmental protection matters that apply to ships operating in the
waters surrounding the two poles.

The Polar Code represents a major achievement in IMO’s work to promote safe
and sustainable shipping in all regions of the world, including the most challenging
and difficult, and provides a strong regulatory framework aimed at minimizing the
negative impact of shipping operations on the sensitive polar regions. The develop-
ment and adoption of the Code has been achieved with the full participation, in the
relevant IMO technical bodies, of not just the IMO Member States but also interna-
tional organizations in consultative status, representing the shipping and shipbuild-
ing industries, environmental interest groups, equipment manufacturers, seafarers’
training providers and those which make up the maritime infrastructure, such as port
and harbour authorities, pilots and hydrographers.

2 International Regulatory Framework for Shipping
in Polar Waters

The United Nations Convention on the Law of the Sea (UNCLOS), which sets out
the legal framework governing the rights and responsibilities of States in their use of
ocean space, contains special provisions for ice-covered areas in Article 234. It
confirms that “coastal States have the right to adopt and enforce non-discriminatory
laws and regulations for the prevention, reduction and control of marine pollution
from vessels in ice-covered areas within the limit of the exclusive economic zone”.
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IMO, as a specialized agency of the United Nations, is the global standard-setting
authority for the safety, security and environmental performance of international
shipping. Its main role is to create a regulatory framework for the shipping industry
that is fair and effective, universally adopted and universally implemented.

Polar shipping always had a place in the work of IMO. The SOLAS Convention
includes special requirements relating to shipping in polar waters in chapter V
(Safety of navigation), concerning the collection of meteorological data, the Ice
Patrol Service in the North Atlantic, ice information and danger messages. The 2008
Intact Stability Code, mandatory under SOLAS, contains a chapter dedicated to icing
considerations. Under MARPOL Annexes I and V, the Antarctic is designated as a
special area, prohibiting any discharge into the sea of oil or oily mixtures from any
ship and principally the disposal into the sea of all plastics and other garbage.

While specially developed guidelines addressing international polar shipping had
been in place since 2002, the IMO membership agreed in 2010 that the time had
come to develop a legally binding instrument in order to provide a more compre-
hensive set of requirements to deal with the increased interests and traffic in the polar
regions as well as the unique safety, operational, environmental and search and
rescue concerns peculiar to these areas.

3 International Code for Ships Operating in Polar Waters
(Polar Code)

3.1 Background

IMO’s work to address the challenges posed by the increase in commercial shipping
and tourism in polar waters goes back to the early 2000s. Guidelines for ships
operating in Arctic ice-covered waters (MSC/Circ.1056) were first issued in 2002.
IMO then received a request from the Antarctic Treaty Consultative Meeting
(ATCM) to extend the Guidelines to also cover ships operating in the Antarctic.
The need for this extension was particularly emphasized by a much-published
accident happening in November 2007: the sinking of the cruise ship MV Explorer
off King George Island, Antarctica, resulting in her crew and passengers drifting for
5 h in open-top lifeboats in sub-zero temperatures before being rescued, luckily with
no casualties other than the ship herself. The outcome could easily have been very
different.

Further work revising the Guidelines followed and in 2009 the IMO Assembly
adopted the Guidelines for ships operating in polar waters (resolution A.1024(26))
which covered both Antarctic and Arctic waters. These non-mandatory Guidelines
set out additional provisions, beyond existing requirements of the SOLAS and
MARPOL Conventions, deemed necessary to ensure appropriate standards of mar-
itime safety and marine pollution prevention for ships operating in polar waters.
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Calls for the development of a mandatory Polar Code followed shortly after the
adoption of the Guidelines and in 2010 IMO agreed to a proposal from several
Member States to develop an internationally binding instrument specifically for
polar shipping.

3.2 Status and Structure of the Code

The International Code for ships operating in polar waters (Polar Code) was
adopted during the 94th session of IMO’s Maritime Safety Committee (MSC 94)
in November 2014 (Introduction and Parts I-A and II-B concerning safety measures)
and the 68th session of the Marine Environment Protection Committee (MEPC 68)
in May 2015 (Introduction and Parts II-A and II-B concerning pollution prevention
measures), together with associated amendments to SOLAS and MARPOL to make
the new Code mandatory under the two conventions. The Code became effective on
1 January 2017, upon entry into force of the aforementioned SOLAS and MARPOL
amendments.

When adopting the Code, MSC and MEPC agreed that amendments to the
Introduction of the Code, mandatory and applicable to both Parts, shall be adopted
by both Committees in consultation with each other, whereas amendments to Parts
I-A and I-B will be adopted by the MSC only and amendments to Parts II-A and II-B
by the MEPC only. While parts I-A (Safety measures) and II-A (Pollution prevention
measures) are mandatory under SOLAS and MARPOL, respectively, parts I-B
(Additional guidance regarding the provisions of the Introduction and Part I-A)
and II-B (Additional guidance regarding the provisions of the Introduction and
Part II-A) are of a recommendatory nature. A consolidated text of the Code' has
been prepared and will be maintained by the IMO Secretariat.

Each chapter in the Code principally set out goals, functional requirements and
regulations. The chapters address general issues (definitions, survey and certifica-
tion, etc.); the Polar Water Operational Manual (PWOM); ship structure; stability
and subdivision; watertight and weather-tight integrity; machinery installations; fire
safety/protection; life-saving appliances and arrangements; safety of navigation;
communication; voyage planning; manning and training; prevention of pollution
by oil; control of pollution by noxious liquid substances; prevention of pollution by
sewage from ships; and prevention of pollution by discharge of garbage from ships.
Appended to the Code are the Form of Certificate for ships operating in polar waters
(Polar Ship Certificate) including the Record of Equipment and a Model table of
contents for the PWOM.

"http://www.imo.org/en/MediaCentre/HotTopics/polar/Documents/POLAR %20CODE%20TEX T
%20AS%20ADOPTED.pdf.
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3.3 Objectives of the Code

The Polar Code supplements existing IMO instruments in order to enhance the safety
of ships’ operations and mitigate their impact on the people and the environment in
the remote, vulnerable and potentially harsh polar waters. The goal of the Code is to
provide for safe ship operation and the protection of the polar environment by
addressing risks present in polar waters and not adequately addressed by other
IMO instruments. Consequently, the Code takes a risk-based approach in determin-
ing the scope of regulations and adopts a holistic approach in reducing identified
risks. It applies as a whole to both Arctic and Antarctic, taking into account the legal
and geographical differences between the two areas.

The Code should ensure that ships operating in the Arctic and Antarctic regions
comply with a globally agreed set of standards, which aim to ensure high levels of
safety and environmental protection, both in the event of an incident and during
routine operations.

3.4 General Requirements

General requirements of the Polar Code applicable to both Parts I and II are
contained in the Introduction to the Code which contains the sections Goal; Defini-
tions; Sources of hazards; and Structure of the Code.

Of particular importance, since requirements applicable to the categories differ,
are the definitions of Category A, B and C ships (Introduction, paragraphs 2.1 to 2.3)
as follows:

Category A ship means a ship designed for operation in polar waters in at least
medium first-year ice, which may include old ice inclusions.

Category B ship means a ship not included in category A, designed for operation in
polar waters in at least thin first-year ice, which may include old ice inclusions.

Category C ship means a ship designed to operate in open water or in ice conditions
less severe than those included in categories A and B.

Ice strengthening is required, in accordance with the polar class assigned, for
ships of categories A and B, but not for category C.

3.5 Maritime Safety Related Requirements

The safety measures in Part I-A of the Polar Code apply to new ships constructed on
or after 1 January 2017. Ships constructed before 1 January 2017 will be required to
meet the relevant requirements of the Code by their first intermediate or renewal
survey, whichever occurs first, on or after 1 January 2018.
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Part I-A consists of 12 chapters the contents of which are briefly described in the
following:

Chapter 1—General

Definitions and requirements concerning survey and certification (every ship
to which the Code applies shall carry a valid Polar Ship Certificate), performance
standards (Polar Service Temperature (PST) shall be specified) and operational
assessment (procedures or operational limitations are to be established).

Chapter 2—Polar Water Operational Manual (PWOM)

Requirements to provide the owner, operator, master and crew with sufficient
information regarding the ship’s operational capabilities and limitations in order
to support their decision-making process.

Chapter 3—Ship structure

Requirements to provide that the material and scantlings of the structure retain
their structural integrity based on global and local response due to environmental
loads and conditions.

Chapter 4—Subdivision and stability

Requirements to ensure adequate subdivision and stability in both intact and
damaged conditions.

Chapter 5—Watertight and weathertight integrity

Requirements to provide measures to maintain watertight and weathertight
integrity.

Chapter 6—Machinery installations

Requirements to ensure that machinery installations are capable of delivering
the required functionality necessary for safe operation of ships.

Chapter 7—Fire safety/protection

Requirements to ensure that fire safety systems and appliances are effective
and operable, and that means of escape remain available so that persons on board
can safely and swiftly escape to the lifeboat and liferaft embarkation deck under
the expected environmental conditions.

Chapter 8—Life-saving appliances and arrangements

Requirements to provide for safe escape, evacuation and survival.
Chapter 9—Safety of navigation

Requirements to provide for safe navigation.
Chapter 10—Communication

Requirements to provide for effective communication for ships and survival
craft during normal operation and in emergency situations.

Chapter 11—Voyage planning

Requirements to ensure that the Company, master and crew are provided with
sufficient information to enable operations to be conducted with due consider-
ation to safety of ship and persons on board and, as appropriate, environmental
protection.

Chapter 12—Manning and training

Requirements to ensure that ships operating in polar waters are appropriately

manned by adequately qualified, trained and experienced personnel.
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Additional non-mandatory guidance is contained in Part I-B and concerns the
determination of the Mean Daily Low Temperature (MDLT); limitations for oper-
ation in ice; the assessment required in Part I-A, section 1.5, for operational
limitations and procedures to be included in the Polar Ship Certificate; performance
standards; contents of the PWOM; navigation with icebreaker assistance; develop-
ment of contingency plans; equivalent ice class; personal and group survival equip-
ment; radars and charts; limitations of communication systems in high latitude;
operation of multiple alerting and communication devices in the event of an incident;
location and communication equipment to be carried by rescue boats and survival
craft; and operations in areas with marine mammals or of cultural heritage and
significance (Fig. 1).

3.6 Marine Environmental Related Requirements

The pollution prevention measures in Part II-A of the Polar Code are largely
operational, relating mainly to discharge requirements, and apply to all ships, both
new and existing, in line with the application requirements of MARPOL. While the
Code contains requirements additional to those provided by MARPOL Annexes I, 11,
IV and V, it was felt that there was no need to introduce additional requirements with
regard to Annex III (Regulations for the prevention of pollution by harmful sub-
stances carried by sea in packaged form) and Annex VI (Regulations for the
prevention of air pollution from ships) which were considered to be sufficiently
comprehensive to include polar shipping.

Part II-A consists of 5 chapters, the contents of which are briefly described in the
following:

Chapter 1—Prevention of pollution by oil
Prohibits any discharge into the sea of oil or oily mixtures from any ship in
Arctic waters (already prohibited in Antarctic waters by regulation 15.4 of
MARPOL Annex I) and stipulates that all cargo tanks constructed and utilized
to carry oil and all oil residue (sludge) tanks and oily bilge water holding tanks
shall be separated from the outer shell by a distance of not less than 0.76 m.
Chapter 2—Control of pollution by noxious liquid substances in bulk
Prohibits any discharge into the sea of noxious liquid substances (NLS), or
mixtures containing such substances, in Arctic waters (already prohibited in
Antarctic waters by regulation 14.8.2 of MARPOL Annex II).
Chapter 3—Prevention of pollution by harmful substances carried by sea in
packaged form
Intentionally left blank in the Code. Requirements of MARPOL Annex III
apply.
Chapter 4—Prevention of pollution by sewage from ships
Prohibits discharges of sewage within polar waters except when performed in
accordance with MARPOL Annex IV, subject to additional specific requirements
as set out in the chapter.



The International Code for Ships Operating in Polar Waters (Polar Code) 23

WHAT DOES THE POLAR Code
MEAN FOR SHIP SAFETY?

DESIGN &
CONSTRUCTION

WINDOWS ON BRIDGE
Means to clear melted ice,
freezing rain, snow, mist, spray
and condensation

LIFEBOATS
All lifeboats to be partially or
totally enclosed type

CLOTHING |

Adequate thermal protection
for all persons on board

CLOTHING Il

On passenger ships, an immersion
suit or a thermal protective aid for
each person on board

ICE REMOVAL

Special equipment for ice
removal: such as electrical and
pneumatic devices, special tools
such as axes or wooden clubs

SHIP CATEGORIES

Three categories of ship which

may operate in Polar Waters,

based on:

A) at least medium first-year ice

B) at least thin first-year ice

C) open waters/ice conditions less
severe than A and B

INTACT STABILITY
Sufficient stability in intact
condition when subject to ice
accretion and the stability
calculations must take into
account the icing allowance

MATERIALS

Ships intended to operate in

low air temperature must be
constructed with materials
suitable for operation at the ship’s
polar service temperature

STRUCTURE

In ice strengthened ships, the
structure of the ship must be able
to resist both global and local
structural loads

BACKGROUND INFORMATION

OPERATIONS
& MANNING

NAVIGATION
Receive information about ice
conditions

CERTIFICATE & MANUAL
Required to have on board a Polar
Ship Certificate and the ship’s
Polar Water Operational Manual

TRAINING

Masters, chief mates and officers
in charge of a navigational watch
must have completed appropriate
basic training (for open-water
operations), and advanced training
for other waters, including ice

4 THE INTERNATIONAL CODE FOR SHIPS OPERATING IN POLAR WATERS WAS ADOPTED
NOVEMBER 2014 BY THE IMO MARITIME SAFETY COMMITTEE AND IN MAY 2015 BY THE
MARINE ENVIRONMENT PROTECTION COMMITTEE

IT APPLIES TO SHIPS OPERATING IN ARCTIC AND ANTARCTIC WATERS

THE AIM IS TO PROVIDE FOR SAFE SHIP OPERATION AND THE PROTECTION OF THE POLAR
ENVIRONMENT BY ADDRESSING RISKS PRESENT IN POLAR WATERS AND NOT ADEQUATELY
MITIGATED BY OTHER INSTRUMENTS

. THE INTERNATIONAL CODE FOR SHIPS OPERATING IN POLAR WATERS (POLAR CODE) WILL
MARTIME ENTER INTO FORCE ON 1 JANUARY 2017

FIRE SAFETY

Extinguishing equipment operable
in cold temperatures; protect from
ice; suitable for persons wearing

bulky and cumbersome cold

weather gear *
*

Fig. 1 Overview of the safety measures of the Polar Code
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Chapter 5—Prevention of pollution by garbage from ships
Permits discharge of garbage into the sea in Arctic and Antarctic waters in
accordance with regulations 4 and 6 of MARPOL Annex V, respectively, subject

to additional specific requirements as set out in the chapter.

Additional non-mandatory guidance is contained in Part II-B concerning the
requirements specified in chapters 1, 2 and 3; ballast water management;
bio-fouling; and anti-fouling systems. In particular, ships operating in Arctic waters
are encouraged to voluntarily apply regulation 43 of MARPOL Annex I (which
prohibits the use or carriage of heavy fuel oils in the Antarctic area).

Figure 2 provides a brief overview of the pollution prevention measures of the
Polar Code.

3.7 Related IMO Guidelines and Recommendations

To aid the development of the specific risk-based procedures (Part I-A, section 2.2)
which need to be included in the PWOM required under the Code to be carried on
board (Part I-A, paragraph 2.3.1), MSC 96 in May 2016 approved Guidance on
methodologies for assessing operational capabilities and limitations in ice (MSC.1/
Circ.1519). The Guidance is of an interim nature and intended to be reviewed four
years after the entry into force of the Code, i.e. in 2021, based on experience gained
with its application. It provides an example of an acceptable methodology for
assessing limitations for ships operating in ice, the Polar Operational Limit Assess-
ment Risk Indexing System (POLARIS), which has been developed incorporating
experience and best practices from Canada’s Arctic Ice Regime Shipping System,
the Russian Ice Certificate supplemented by pilot ice assistance as prescribed in the
Rules of Navigation for the Northern Sea Route; and other methodologies.

MEPC 70 in October 2016 and MSC 97 in November 2016 considered draft
Polar Code-related amendments to the Survey Guidelines under the Harmonized
System of Survey and Certification (HSSC), 2015 (resolution A.1104(29)) and
approved Amendments to the Survey Guidelines under the Harmonized System of
Survey and Certification, 2015, for ships operating in polar waters
(MSC-MEPC.5/Circ.12) which will be incorporated in the next update of the
HSSC Survey Guidelines. The purpose of the Guidelines is the harmonization of
survey and certification requirements of various IMO instruments, in particular
the time periods for surveys so as to alleviate problems caused by survey dates,
and intervals between surveys, which do not coincide.

MSC 97 also considered a request for clarifications on the application of the
initial survey, maintenance surveys and certification, as required by paragraph 1.3 of
chapter 1 of Part I-A of the Code and consequently approved Unified interpretations
of SOLAS regulation XIV/2.2 and paragraphs 1.3.2 and 1.3.6, Part I-A, of the Polar
Code (MSC.1/Circ.1562).
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DISCHARGES

Discharge into the sea of oil or
oily mixtures from any ship is
prohibited

STRUCTURE

Double hull and double bottom
required for all oil tankers,
including those less than
5,000dwt (A/B ships constructed
on or after 1 January 2017)

HEAVY FUEL OIL

Heavy fuel oil is banned in the
Antarctic (under MARPOL). Ships
are encouraged not to use or
carry heavy fuel oil in the Arctic

LUBRICANTS

Consider using non-toxic
biodegradable lubricants

or water-based systems in
lubricated components outside
the underwater hull with direct
seawater interfaces

BACKGROUND INFO

THE INTERNATIONAL CODE FOR SHIPS
OPERATING IN POLAR WATERS (POLAR CODE)
WILL ENTER INTO FORCE ON 1 JANUARY 2017

IT APPLIES TO SHIPS OPERATING IN ARCTIC
AAND ANTARCTIC WATERS: ADDITIONAL TO
EXISTING MARPOL REQUIREMENTS

IT PROVIDES FOR SAFE SHIP OPERATION
AAND PROTECTS THE ENVIRONMENT BY
ADDRESSING THE UNIQUE RISKS PRESENT
IN POLAR WATERS BUT NOT COVERED BY
OTHER INSTRUMENTS

HOW THE POLAR CODE
PROTECTS THE ENVIRONMENT

SEWAGE

DISCHARGES |

No discharge of sewage in
polar waters allowed (except
under specific circumstances)

TREATMENT PLANTS
Discharge is permitted if ship has
an approved sewage treatment
plant, and discharges treated
sewage as far as practicable
from the nearest land, any

fast ice, ice shelf, or areas of
specified ice concentration

DISCHARGES Il

* Sewage not comminuted or
disinfected can be discharged at
a distance of more than 12nm
from any ice shelf or fast ice

* Comminuted and disinfected
sewage can be discharged more
than 3nm from any ice shelf or
fast ice

INVASIVE SPECIES

DEFINITIONS

INVASIVE AQUATIC
SPECIES

Measures to be taken to
minimize the risk of invasive
aquatic species through ships’
ballast water and biofouling

SHIP CATEGORIES
Three categories of ship
designed to operate in polar
waters in:

A) at least medium first-year
ice

B) at least thin first-year ice
(C) open waters/ice conditions
less severe than A and B

Fig. 2 Overview of pollution prevention measures of the Polar Code

=

FAST ICE: Seaice which forms
and remains fast along the coast,
where it is attached to the shore, to
an ice wall, to an ice front, between
shoals or grounded icebergs

ICE SHELF: A floating ice sheet
of considerable thickness showing
2 to 50m or more above sea-level,
attached to the coast

GARBAGE

PLASTICS
All disposal of plastics prohibited
(under MARPOL)

FOOD WASTES |
Discharge of food wastes onto
the ice is prohibited

FOOD WASTES Il

Food wastes which have been
comminuted or ground (no greater
than 25mm) can be discharged
only when ship is not less than
12nm from the nearest land,
nearest ice shelf, or nearest fast ice

ANIMAL CARCASSES
Discharge of animal
carcasses is prohibited

CARGO RESIDUES

Cargo residues, cleaning agents
or additives in hold washing
water may only be discharged
if: they are not harmful to the
marine environment; both
departure and destination ports
are within Arctic waters; and
there are no adequate reception
facilities at those ports. The
same requirements apply to
Antarctic area under MARPOL

CHEMICALS

DISCHARGES

Discharge of noxious liquid
substances (NLS) or mixtures
containing NLS is prohibited in
polar waters

ORGANIZATION

25
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Over the years, IMO also approved a number of other measures addressing

directly or relating to polar shipping which include:

Pocket Guide for cold water survival

Regularly updated. Intended primarily for seafarers. Briefly examines the
hazards of exposure to the cold that may endanger life and provides advice
based on the latest medical and scientific opinion on how to prevent or minimize
those dangers.
Enhanced contingency planning guidance for passenger ships operating in areas
remote from SAR facilities

Approved in 2006. Requires that contingency plans for passenger ships for
operating in areas considered to be remote from search and rescue (SAR) facilities
should be prepared and that SAR co-operation planning arrangements should be
enhanced for ships operating in areas remote from SAR facilities; and that the
risks of remote area operation should be assessed and planned for.
Guidelines on voyage planning for passenger ships operating in remote areas

Adopted in 2007 in response to the growing popularity of touristic ocean travel
and the desire for exotic destinations, which led to increasing numbers of
passenger ships operating in remote areas. Detailed voyage and passage plans
should include: safe areas and no-go areas; surveyed marine corridors, if avail-
able; and contingency plans for emergencies in the event of limited support being
available for assistance in areas remote from SAR facilities; and additionally for
ships operating in polar waters: conditions when it is not safe to enter areas
containing ice or icebergs because of darkness, swell, fog and pressure ice; safe
distance to icebergs; and presence of ice and icebergs and safe speed in such
areas.
Guidance document for minimizing the risk of ship strikes with cetaceans

Approved in 2009. Provides guidance to Member Governments for reducing
and minimizing the risk of ship strikes of cetaceans and sets out important general
principles and possible actions that may be taken to reduce such risk. Encourages
reporting of strikes to the global ship strikes database of the International Whaling
Commission (IWC).?
Five new Arctic NAVAREAs/METAREAs

On “Full Operational Capability” (FOC) since 1 June 2011. Expanded the
World-Wide Navigational Warning Service into Arctic waters, caused by the
combination of increased business activity with less predictable, more extreme
weather in the Arctic area.
Mandatory ship reporting system “In the Barents Area (Barents SRS)”

Adopted in 2012. Entered into force on 1 June 2013, requiring the following
categories of ships to report to either Vardg VTS centre or Murmansk VTS centre:
all ships of 5000 gross tonnage and above; where the tow exceeds 200 m; and any

2http://www.iwcoffice.co.uk/sci_com/shipstrikes.htm or by e-mailing the IWC Secretariat at:
shipstrikes @iwcoffice.org.
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ship not under command, restricted in their ability to manoeuvre or having
defective navigational aids.
* Guidelines for the reduction of underwater noise from commercial shipping to
address adverse impacts on marine life
Approved in 2014. Provide guidance on reduction of underwater noise from
the perspective of ship design (propellers, hull design, onboard machinery,
technologies for noise reduction) and operation and maintenance (propeller
cleaning, effective hull coatings, selection of ship speed, re-routeing and opera-
tional decisions to reduce adverse impacts on marine life).
* Guide to oil spill response in ice and snow conditions
Approved in 2016. Identifies and describes those aspects of planning and
operations directly associated with a response to a marine oil spill in ice and
snow conditions anywhere in the world and assists managers and decision makers
in recognizing and addressing key issues and potential response options on the
strategic planning level.

Additionally, a large number of agreements, guidelines and recommendations for
shipping in the Antarctic and Arctic have been developed by the Antarctic Treaty
Consultative Meeting (ATCM)3 and the Arctic Council.*

3.8 Further Work Related to the Polar Code

Once experience has been gained with the application of the Polar Code, it is
anticipated that a second phase of work relating to the Code will commence,
aimed at extending its application to non-convention ships operating in polar
waters—this could include ships of a size below the application (tonnage) limits of
IMO conventions, fishing vessels® and pleasure yachts. In this regard, MSC 97 in
November 2016, having considered documents informing it of concerns regarding
non-SOLAS ships operating in polar waters which do not fall under the requirements
of the Code, reiterated its agreement that work related to the second phase, for
non-SOLAS ships, should not begin until experience had been gained with the
application of the Code to SOLAS ships.

In the meantime, following proposals from Member States, MSC 97 also
instructed its Sub-Committees on Ship Systems and Equipment (SSE) and Naviga-
tion, Communications and Search and Rescue (NCSR) to review test and perfor-
mance requirements for equipment on board ships certified to operate in polar
waters, including, but not limited to, life-saving appliances, fire extinguishing
media and navigation and radio-communication equipment.

3http://www.ats.aq.
4http://www.arctic-council.org.
5No internationally binding instrument regulating the safety of fishing vessels is currently in force.
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NCSR 4 in March 2017, noting the general support for the reconsideration of
performance standards for navigation and communication equipment in support of
the implementation of the Polar Code, established a Correspondence Group and
instructed it to develop a work plan listing all performance and test standards and
requirements in need of revision in this respect; include the evaluation of specific
additional conditions when approving navigation and communication equipment to
be used for navigation in polar waters; consider interim solutions to address impor-
tant matters at short notice; and consider alternative ways to address the work, such
as the development of a separate consolidated performance standard, development of
add-ons to existing performance standards, or a resolution. The group will report to
NSCR 5, scheduled for February 2018.

SSE 4 in March 2017, having agreed to a plan that foresees the work to address
additional testing and performance standards related to life-saving and fire-
protection appliances and arrangements on board ships operating in polar waters to
be completed at SSE 6 in 2019, also established a correspondence group to progress
this work between meetings. The group was instructed to consider the evaluation of
specific conditions when approving life-saving and fire-protection equipment for use
in polar waters and develop relevant performance standards or add-ons to existing
standards and will report to SSE 5, scheduled for March 2018.

4 Associated SOLAS and MARPOL Amendments Making
the Polar Code Mandatory

The Polar Code is mandatory under both the SOLAS and MARPOL Conventions.
Currently, SOLAS has 163 Contracting Governments and MARPOL 155 Parties and
between them the two conventions cover 99.14% of the world’s merchant shipping
tonnage. The Polar Code applies to all ships operating in polar waters which have to
comply with the requirements of SOLAS and MARPOL, typically ships over
500 gross tonnage and passenger ships carrying more than 12 passengers, operating
internationally. This means that the Code applies, generally speaking, to all cargo
ships, oil tankers, bulk carriers, container ships and cruise ships.

The two conventions have historically developed in a very different way and in a
very different timeframe, with the earliest predecessor of SOLAS stemming from the
year 1914 whereas the need for environmental shipping regulations only emerged
much later, in the 1950s, with the increasing awareness of environmental issues in
society. Consequently, the legal vehicles used to make the Code mandatory under
the two conventions differ considerably.

SOLAS is generally regarded as the most important of all international treaties
concerning the safety of merchant ships. It currently comprises 14 chapters,
addressing a wide variety of ship-specific issues, from construction and stability
over safety of navigation and radio communication to the carriage of cargoes and
maritime security measures, to name just a few.
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The Polar Code, i.e. its Introduction and Part I-A, was made mandatory under
SOLAS by incorporating a new chapter XIV entitled “Safety measures for ships
operating in polar waters” in the Convention, which was adopted on 21 November
2014 by means of resolution MSC.386(94) and entered into force on 1 January
2017.° The Code itself, which had been adopted by means of resolution MSC.385
(94), became effective on the date the new SOLAS chapter entered into force.
Chapter XIV contains definitions; application provisions; requirements for ships to
which the chapter applies; and provisions for alternative design and arrangements.

MARPOL is the main international convention covering prevention of pollution
of the marine environment by ships from operational or accidental causes. The
Convention consists of 6 annexes, each of which regulates a particular group of
pollutants. The structure of the Convention necessitated separate amendments to
each of its Annexes, as appropriate. The Code was therefore made mandatory by
way of amendments to Annexes I, I, IV and V, while Annexes III and VI were
considered to be sufficiently comprehensive to also cover polar shipping, with no
need for additional requirements. Chapter 3 of Part II-A of the Code was left blank
intentionally in order to keep the numbering of the chapters in this Part of the Code
aligned with the numbering of the MARPOL Annexes.

The Polar Code, i.e. its Introduction and Part II-A, was made mandatory under
MARPOL by amendments to Annexes I, II, IV and V which were adopted on
21 November 2014 by means of resolution MEPC.265(68) and entered into force
on 1 January 2017. The Code itself, which had been adopted by means of resolution
MEPC.264(68), became effective on the date the new MARPOL amendments
entered into force. The amendments are structured along the lines of the
corresponding SOLAS amendments and contain provisions for exemptions, waivers
and exceptions; definitions; and special requirements in line with the subject of the
respective MARPOL Annexes.

The geographical area definitions for the purposes of the Code are identical under
SOLAS and MARPOL. “Polar waters” are defined as Arctic waters and/or the
Antarctic area, with the latter being defined as the sea area south of latitude 60°S.
“Arctic waters” are defined by a rather complicated description of geographical
positions between Cap Kanin Nos (Russian Federation) and a point west of Green-
land, completed by the circle formed at latitude 60°N and relevant coast lines.
Figures 3 and 4 illustrate the area definitions which were developed specifically to
define the application areas of the Code; other definitions are in use globally for
different purposes.

SThe time periods between adoption and entry-into-force are normally defined in the articles of
conventions and differ between instruments. In accordance with the articles, the Committees may
also choose different time periods at the time of adoption.



30 H. Deggim

Fig. 3 Antarctic area as defined for the purposes of the Polar Code

Fig. 4 Arctic waters as defined for the purposes of the Polar Code
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5 Training and Certification Requirements for Officers
and Crews on Ships Operating in Polar Areas

Mandatory minimum requirements for the training and qualifications of masters and
deck officers on ships operating in polar waters were adopted by MSC 97 in
November 2016 and are expected to become mandatory under the International
Convention on Standards of Training, Certification and Watchkeeping for Seafarers
(STCW) and its related STCW Code from 1 July 2018.

The requirements were developed by the Sub-Committee on Human Element,
Training and Watchkeeping (HTW) and finalized at HTW 3 in February 2016. They
include a new Regulation V/4 (Mandatory minimum requirements for the training
and qualifications of masters and deck officers on ships operating in polar waters) for
inclusion in the STCW Convention; as well as associated amendments to the STCW
Code, including its Chapter V (Special training requirements for personnel on certain
types of ships) concerning passenger management and a new section A-V/4 (Man-
datory minimum requirements for the training and qualifications of masters and deck
officers on ships operating in polar waters).

The new regulation V/4 of the STCW Convention requires that Masters, chief
mates and officers in charge of a navigational watch on ships operating in polar
waters shall hold a certificate in basic training for ships operating in polar waters and
meet the standard of competence specified in section A-V/4, paragraph 1 of the
STCW Code. In addition, Masters and chief mates shall also hold a certificate in
advanced training for ships operating in polar waters, have at least two months of
approved seagoing service in the deck department, at management level or while
performing watchkeeping duties in an operational level, within polar waters or other
equivalent approved seagoing service; and meet the standard of competence speci-
fied in section A-V/4, paragraph 2 of the STCW Code.

Section A-V/4 of the STCW Code sets out the detailed requirements for the
required basic and advanced training in Tables A-V/4-1 (Specification of minimum
standard of competence in basic training for ships operating in polar waters) and
A-V/4-2 (Specification of minimum standard of competence in advanced training for
ships operating in polar waters).

To assist Member States in complying with the new training requirements, HTW
4 in February 2017 validated two IMO model training courses: Basic training for
ships operating in polar waters and Advanced training for ships operating in polar
waters, which are expected to be published by the end of 2017. The purpose of the
IMO model course programme is to assist and provide guidance to maritime
academies and training institutes developing course programmes and syllabuses
for seafarers seeking STCW certification.
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6 Other Polar Shipping Related Issues
6.1 Objectives of the Code

MEPC’s Sub-Committee on Pollution Prevention and Response (PPR) is currently
considering the impact on the Arctic of emissions of Black Carbon from interna-
tional shipping. The discussions are controversial and complicated due to widely
differing views of IMO Member States on the matter.

However, PPR 2 in January 2015 agreed, and MEPC approved, a working
definition for Black Carbon for international shipping, which is widely supported
by the scientific community.’

Work continued at PPR 3 in February 2016 with the development of a draft
measurement reporting protocol for Black Carbon, providing recommendations for
the voluntary collection of Black Carbon data, including parameters for multiple
measurement instrument technologies and a broad cross-section of current engine
technologies, fuel types, and engine operating conditions. Member States were
invited to use the reporting protocol and submit data to PPR 4, to facilitate its further
refining.

PPR 4 in January 2017 considered a number of submitted results of Black Carbon
measurements and again invited Member Governments and international organiza-
tions to use the protocol and submit further data and information derived from its
application to its next session, in 2018. The objective is the identification of the most
appropriate measurement method(s), focusing on fuel oils with a maximum sulphur
content of 0.50% m/m, in light of the decision of MEPC 70 to confirm 1 January
2020 as the effective date of implementation of the global sulphur cap for ships’ fuel
oil. In between the meetings, a correspondence group is working on the finalization
of the reporting protocol for voluntary measurement studies to collect Black Carbon
data, based on experience to date of using the protocol, to improve usability and to
address technical issues identified at PPR 4.

PPR 4 also agreed on a timeline for the completion of the work on Black Carbon
emissions in the Arctic, envisaging that following finalization of the reporting
protocol and identification of the most appropriate method for measurement of
Black Carbon at PPR 5 (2018), appropriate control measures to reduce the impact
of Black Carbon emissions from international shipping would be considered at PPR
6 (2019).

6.2 Use and Carriage of Heavy Fuel Oil (HFO) in the Arctic

MEPC 60 in March 2010 adopted a new regulation 43 (Special requirements for the
use or carriage of oils in the Antarctic area) of MARPOL Annex I which prohibits

"Based on Bond et al. (2013).
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the carriage in bulk as cargo, or carriage and use as fuel, of HFO in the Antarctic. The
regulation entered into force on 1 August 2011. Furthermore, in 2014, amendments
to regulation 43 were adopted, banning the use of HFO as ballast. These amend-
ments entered into force on 1 March 2016.

There is currently no similar prohibition in place for the Arctic. The Polar Code
only contains a recommendation in non-mandatory Part II-B which encourages ships
to also apply regulation 43 when operating in Arctic waters.

Taking into account the potentially serious consequences of an HFO spill in the
Arctic, this matter has since been raised by various Member States and organizations
at MEPC meetings. However, for IMO to consider the introduction of any binding
measures in this regard, a formal proposal from a Member State is necessary. Despite
the frequent discussions and the serious campaigning by environmental organiza-
tions, to date no such proposal has been submitted for the consideration by MEPC.

In this connection it should be noted that MEPC 70 in October 2016, in a
landmark decision for both the environment and human health, confirmed 1 January
2020 as the implementation date for a significant reduction in the sulphur content of
the fuel oil used by ships. The decision to implement a global sulphur cap of 0.50%
m/m in 2020 represents a significant cut to the 3.5% m/m global limit currently in
place and is expected to substantially reduce the use of HFO globally.

6.3 Other Issues

There are a number of other issues related to shipping in polar waters which would
merit careful consideration. These are matters that could be considered for inclusion
in the Code directly or for principal regulation through the parent conventions. Any
proposals to work on such matters would have to be considered and agreed by the
IMO membership at large, also taking into account the agreement of the Committees
that experience should be gained with the implementation of the Code before
embarking on any amendments.

Matters for possible future consideration could include, but are not limited to, the
following (listed in no particular order):

» establishment of an emission control area (ECA) with more stringent require-
ments for fuel oil used, for the Arctic in general or a specified area to demonstrate
the need to prevent, reduce, and control emissions of NOx or SOy and particulate
matter, or all three types of emissions from ships;

» extending the more stringent requirements that apply to the Antarctic as a Special
Area under MARPOL Annexes I and V to the Arctic. Special Areas are defined
under MARPOL as sea areas where, for recognized technical reasons in relation
to their oceanographical and ecological conditions and to the particular character
of their sea traffic, the adoption of special mandatory methods for the prevention
of pollution from ships by oil or garbage is required. Under MARPOL, Special
Areas are provided with a higher level of protection than other sea areas;
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 further development and strengthening of the maritime infrastructure, in particu-
lar concerning the availability of port reception facilities;

» strengthening of search and rescue facilities under the Global Maritime Distress
and Safety System (GMDSS) in polar areas;

 establishment of a comprehensive network of icebreaker support;

 addressing the unsatisfactory status of nautical charting for polar areas (according
to information from the International Hydrographic Office (IHO), the chart
coverage for Arctic and Antarctic areas at an appropriate scale is generally
inadequate for coastal navigation and where charts do exist, their usefulness is
limited because of the lack of any reliable depth or hazard information);

e ship incineration, including banning of it in ecologically sensitive areas or
introducing a specified distance requirement from the ice-face and/or land;

» discharge of sewage through approved sewage treatment plants;

» control of discharge of grey water, i.e., the wastewater from galleys, showers,
laundries, as well as food pulp, which could potentially cause harm to the
environment due to concentrations of nutrients and other oxygen-demanding
materials;

* measures to reduce underwater ship noise to minimize disturbance to marine life;
and

* reduction and additional restrictions on ballast water discharges due to the great
potential for major ecological impacts from species introduced via ballast water
as ice cover recedes and seawater warms in polar areas.

7 Conclusion

There can be no doubt that the environmentally sensitive regions around the poles,
two of the last remaining wilderness areas on earth, need to be protected and
preserved. While guidelines to regulate international shipping in the Arctic and
Antarctic have been in place for many years, with more and more ships navigating
in polar waters IMO has moved to address international concern about the protection
of the polar environment and the safety of seafarers and passengers on ships
operating in these areas through the adoption of an internationally binding instru-
ment, the mandatory Polar Code, which became effective on 1 January 2017 under
the SOLAS and MARPOL Conventions. Its requirements, which were specifically
tailored for the polar environments, go above and beyond those of existing IMO
conventions which are applicable globally, including Arctic and Antarctic waters.
The adoption of the Code is a major achievement in IMO’s work to promote safe and
sustainable shipping in all regions of the world, including the most challenging and
difficult.

But this is not the end of the road. The Polar Code is a living instrument and will
be under continuous review following experience gained with its implementation.
Such reviews may result in amendments to its existing regulations and/or the
guidance in its non-mandatory parts; but may also look at the introduction of



The International Code for Ships Operating in Polar Waters (Polar Code) 35

completely new requirements, taking into account ongoing work at IMO as
described in sections 6.1 and 6.2, as well as possible issues for further consideration
as listed in section 6.3. The two IMO Committees involved in the development of the
Code, MSC and MEPC, have already agreed that work on extending the applicabil-
ity of the Code to non-convention ships, including fishing vessels and pleasure
yachts, should commence in the not too distant future.
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Abstract The maritime industry is safety critical, where the element of uncertainty
is present especially when entering high-risk shipping areas like the Arctic. The
element of uncertainty increases, as the working environment gets more
unpredictable and systems more complex. Unpredictability and complexity is mak-
ing it difficult to define comprehensively and in advance which exact courses of
action one should take when facing challenging ad hoc situations while navigating
the Arctic. The human element is a vital part of successful and safe shipping in the
Arctic. Recent resilience engineering and safety studies see the human element and
their ability to adapt and adjust their performance to emerging situational needs, pos-
sible shortages in work descriptions and resources as a key to successful operations.
High performance of the crew strongly contributes to the high performance of the
ship where the captain plays a key role. This chapter addresses the safety issues in a
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more holistic way including uncertainty and unpredictability as a part of safety
management in the Arctic shipping.

Keywords Maritime safety - Human element - Shipping - Arctic shipping - Safety
management

1 Introduction

The global climate change and melting sea ice has opened, at least for part of the
year, new routes for shipping in the Arctic. The attractiveness of the new routes is in
cutting the distance between the Pacific and Atlantic oceans enabling ships to save a
considerable amount of time between ports, but navigating in the Arctic is not
without risk. As a business case that saves time and resources on every journey
makes the route attractive. But risks, if realized, might end up being more costly in
increasing insurance premiums, damage to the ship, environmental pollution and
putting crews at risk. However, regardless of the risks, the Arctic routes are an
opportunity and shipping in the Arctic will most likely increase in the future.

In the maritime accident investigation, human error has been counted to be the
cause in around 80-90% cases. Crews are still needed to sail ships and deal with
daily challenges in high risk areas making the human element of a great interest from
a safety management point of view.

This chapter focuses on the human element in the Arctic, where not all risks can
be predicted and requirements for safety are high. Detailed descriptions of which
action to take in occurring ad hoc situations are difficult, if not impossible to make.
This means also that safety needs to be ensured with other means than just compli-
ance to rules and/or best working practices. The objective of this chapter is to study
how to ensure safety of navigation in the Arctic in situations where the exact risks are
not known or when faced with safety critical situations that require rapid reaction
and responding to when there are no sufficient instructions or experience to rely on.

The Arctic shipping routes are still unfamiliar and even there is information
available, there is not necessarily that much experience amongst seafarers, if the
routes open up for greater traffic. With time there will be experience based learning
and shared information and lessons learnt. Before this happens, the safety of Arctic
shipping needs to be created also with seafarers who most likely face unexpected and
unpredictable situations. Compared to other high-risk areas like those with for
example high traffic density or pirates, the exposure to the risks are usually much
shorter compared to the Arctic where the journey can last around 2 weeks depending
on the speed. Due to the remoteness of the area and lack of infrastructure, if
something happens, help can be very far away.
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2 Risks of Arctic Shipping

Working at sea, the seafarers are faced with various risk factors on a daily basis from
harsh storms at sea to loading in ports. On the Arctic routes, risks are even higher.
The extreme climate of the Arctic with its low temperatures, extraordinary light
conditions and sudden storms as well as magnetic phenomena make the area quite
distinctive. Navigating in the Arctic can pose challenges due to, for example
magnetic compasses becoming unreliable at such high latitudes. GPS and GALILEO
have reduced coverage, radio, satellite and communication signals are less reliable in
such remote areas. Navigational charts and navigational information can be inaccu-
rate and limited in number (Jensen 2007; Carpenter and Wyman 2014; Wright and
Zimmerman 2015).

The International Maritime Organization (IMO), responsible for creating regula-
tory framework for international shipping industry, adopted the Polar Code (the
International Code for Ships Operating in Polar Waters) in November 2014 and
related amendments to the International Convention for the Safety of Life at Sea
(SOLAS). This, however, does not solely ensure the safety of life, property and the
environment while sailing in the Arctic. Restricted visibility due to fog and darkness,
harsh weather, cold and violent storms still put serious demands on the crew. If a
ship encounters difficulties, help, like Search and Rescue, repair and salvage ser-
vices, can be very far away. In addition, if a crewmember is injured or becomes
seriously ill, hospitalization poses challenges due to the remoteness of the Arctic
routes.

As an example, the MV Clipper Adventurer cruise ship ran aground on 27th of
August 2010 in the Coronation Gulf, Canada. Canadian Coast Guard dispatched on
28th the nearest icebreaker, Amundsen, to assist the ship that was 500 km away. The
icebreaker was estimated to arrive at the scene at 09:00 next morning on 29th.
Luckily, weather conditions were good, which made the ship stay safely stuck on a
rock until help arrived (Stewart and Dawson 2011).

Not so fortunate, T/S Maksim Gorkiy, sailing from Iceland to Spitsbergen,
collided with ice floe in heavy fog close to midnight between 19th and 20th of
June, 1989. She was damaged as the ice ripped holes the hull, one of 10 meter long
and some smaller ones to the bow. The ship started to sink. The first distress call was
sent shortly after the accident. Even though a Norwegian Coast Guard rescue vessel,
Senja, arrived at the scene within a few hours at 4:15 am, around 1.000 people had to
abandon ship into lifeboats near freezing temperatures while 120 crewmembers
stayed onboard fighting to keep the ship afloat (The New York Times; Marchenko
2015).

Floating ice poses also challenges for navigation. Small icebergs like growlers
and bergy bits are difficult to detect with satellites and radar especially during rough
weather as they are mainly submerged. Ice formation on deck and hatch covers can
create problems for ship stability and deck equipment, which needs to be removed
regularly. Entering an icy ship deck in darkness and harsh weather places the
crewmembers at risk. Harsh conditions can also make the crew members more
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fatigue and affect daily work. Extreme cold can cause problems to the engine, fuel
transfer and pumps needed for firefighting, which could freeze from excess water
inside. Lacking or limited external facilities to repair breakdowns pose challenges
and therefore many kinds of spare parts needs to be carried aboard. Whatever the
situation or combination of the above mentioned and more, the crew is required to
handle it. If help is far away, any small incident might escalate into bigger problems,
therefore reaction time is of high importance. Any salvage operation in harsh, cold
and dark weather will not be easy to complete. Therefore, having a qualified, well
trained, and experienced crew becomes more important than ever (Carpenter and
Wyman 2014).

The Polar Code recognizes that in the safe operation of a ship in the Arctic waters
attention needs to be paid to the human element regarding their skills and knowl-
edge. Therefore, all ships operating in polar ice-covered waters should carry at least
one Ice Navigator. IMO defines the Ice Navigator as: “any individual who, in
addition to being qualified under the STCW Convention, is specially trained and
otherwise qualified to direct the movement of a ship in the ice-covered waters” (IMO
2010).

3 The Human Element and Human Error

The safety management of shipping has been focusing on unwanted outcomes, by
investigating past accidents and predicting future risks and their probabilities.
Naturally, it is important to understand what has gone wrong, and what could go
wrong in the future, in order to create safety guards to prevent these from happening
again, or to protect against their outcomes. However, the increase of automation and
digitalization in our socio-technical systems has created processes and interconnec-
tions that are starting to be intractable making it both difficult to describe and predict
all possible scenarios that might go wrong. (Hollnagel et al. 2011) Considering for
example a ship that has interconnections from automated doors to navigational
instruments and possible engine room systems that are connected to a remote
service. The equipment can be installed at different times and new software inte-
grated to old one. The complexity of these systems is making it difficult to know
exactly to which all areas and how one failure affects. The complexity is also making
it harder to detect failures.

When future risks are not entirely known, the element of uncertainty will enter the
picture and managing it becomes of interest. The new Arctic shipping routes
represent a high-risk area with the element of uncertainty present, as all possible
scenarios of what could go wrong cannot, at least not yet, be comprehensively
predicted. Grote (2014 p. 71) writes, “Uncertainty is at the heart of risk”. She argues
that on top of acknowledging existing uncertainties one needs to understand that
uncertainty cannot always be reduced completely. Therefore, uncertainty becomes a
strategic question for a company dealing with risk management. With the under-
standing that uncertainty cannot be reduced entirely, maintaining a level of
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uncertainty, managing it and occasionally even increasing it, should be included in
the decision-making of risk management in order to improve safety and pursue
opportunity.

Aven and Krohn (2013) discuss probability and risk. They point out that proba-
bility is just one way to describe uncertainty, and that understanding risk should not
be limited only to probabilities as it is too narrow view. They point out that when
predicting the probability of a certain risk, a hazard or unwanted event, the proba-
bilities can be the same for two different cases, but what is emphasized is the level of
knowledge and data available regarding the phenomena. The “unthinkable” or the
“unlikely” can be ignored due to assessments based on assumptions or beliefs, that
these kinds of phenomena are not likely to happen. They argue, that a broader risk
perspective is needed that go beyond the probabilities and avoiding only the
undesired events. The perspective should also include how to improve performance
with desired outcomes.

The safety of Arctic shipping, therefore, should not only rely on predicting risks
and their probabilities, as the list will most likely be incomplete. Neither will
investigating past accidents tell the whole truth about how to improve safety. To
improve performance in order to improve safety requires understanding of what kind
of performance to improve. Therefore, more research on what kind of performance
leads to success, thus to better safety, is needed. To study shipping companies that
have operated in the Arctic waters successfully could give maritime safety develop-
ment very valuable input. Research on what makes them successful in the Arctic
conditions, how their ships and crew manage critical situations and where their
success originates from, surely will enlighten the safety development as much as
studying past accidents and incidents.

Besnard and Hollnagel (2014) explain this idea quite well while arguing about
some myths about safety and criticize the concept of human error. They give an
example where a system is considered to be safe with a very low probability of
failure of e.g. where 99,999 times out of 100,000, everything will go well. Then
there is one unacceptable performance, an accident. The “human error” is considered
to be the cause of that one accident, but attention is not paid to the 99,999 times
where the same course of action has been a success. The human error has been seen
to be the “cause” of the one unwanted event, but at the same time also humans are the
source of the 99,999 times of success.

This principle applies to the Safety-II principles by Hollnagel (2014) and Resil-
ience Engineering (Hollnagel et al. 2011), where the focus on improving safety
should be on actions that go right as well as understanding what rarely goes wrong.
Performance variability and the normal functioning of a system should be studied
also in order to understand why the same behavior that usually goes right occasion-
ally makes things go wrong.

Hollnagel (2009, 2014) argues also, that in the traditional way of looking at the
human element and human error, humans are seen as the fallible component of a
system like machines, where they either work as stated in work procedures or fail to
follow them. The principle behind this is that written procedures are seen to be
correct and the function of a system is predictable. Now, usually those who execute
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the work described in work process descriptions are often different from those who
design the system, create and describe work procedures. The more complex the
working environment becomes, the harder it will be to describe the work procedures
and anticipate all conditions. Hence, the execution of work tasks exactly as described
in the processes and work descriptions cannot always be done in all circumstances.

The decisions humans take in order to accomplish current work tasks, whether
during normal operation or emergent disturbances, can often be based on limited
resources like time, information, tools at hand etc. The decisions are made when if
more time would have resulted in more information gained, lack of spare parts or
tools at hand calling for improvisation or lack of manpower possibly relying on less
qualified persons to do the work. The decisions and courses of action are done based
on some level of uncertainty, hence the adjustments done in imperfect circumstances
to complete work tasks are inevitably approximate. Reasons why performance
mostly is a success is much the same as why performance at times may fail. People
in general do not choose failure. Success to complete a task, due to incomplete work
procedures and uncertainty, needs performance adaptability and variability. There-
fore, this cannot be prevented in order to eliminate failures and hence, managing
safety cannot only be by constraining daily work and decision making (Hollnagel
2009, 2014).

Best practices and written work procedures are important and the above does not
exclude them. However, especially in high risk areas and when the element of
uncertainty is present, merely following best practices and following rules, regula-
tions and procedures does not always ensure safety.

Taking uncertainty into risk management and overall safety management of a
ship means firstly that managing uncertainty will be part of strategic and operational
decision making. In addition, the operation of a ship and its navigation cannot
always be broken down into work procedures written in detail. Therefore, safety
cannot be managed only by reducing uncertainty through standardization of work,
routines, automation and stability. High level of routine, standardization and for-
malization requires that evolving events are predictable, that systems can be con-
trolled and are tractable (Grote 2014).

4 The Element of Uncertainty

As uncertainty cannot be completely reduced from Arctic navigation, it should be
included in the safety management and seen both as a positive and negative issue.
Grote (2014) introduces a general framework to manage uncertainty where uncer-
tainty is reduced, maintained or increased. In the traditional risk management, the
objective is to reduce uncertainty, to stabilize, standardize and automate. Here
control is centralized. Maintaining uncertainty again has the objective to be flexible
and resilient towards uncertainty. It is understood that uncertainty cannot be
completely reduced in complex environments. Leonhardt et al. (2009 p. 2) define
Resilience Engineering: ‘Resilience is the intrinsic ability of a system to adjust its
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functioning prior to, during, or following changes and disturbances, so that it can
sustain required operations under both expected and unexpected conditions.” The
objective of maintaining uncertainty is that the system is tolerant to disturbances and
can recover from them. In these kinds of environments, control needs to be
decentralized, for example by empowering people.

Increasing uncertainty becomes relevant for example in the case of innovations
and new ways of working, when better ways are sought and new ideas encouraged.
When this happens, existing routines need to be left behind. Therefore, when
innovation is needed in high-risk settings, uncertainty has to be increased, at least
temporarily. Hence, stability and control will naturally be reduced. Also, when
questioning authority or courses of action, uncertainty will be momentarily increased
as questioning raises doubts about the current situation, and as new ways and
possibilities are sought after. Often these doubts are also the reason why people
may stay silent. The positive side of increasing uncertainty in decision making is
seeing new angles and solutions to problems. This can lead to more successful end
results or even prevent accidents from happening. However, when uncertainty is
increased in critical situations by e.g. questioning decision making, it is important to
know how to reduce uncertainty and regain control of the situation (Grote 2014).

High levels of routine, standardization and formalization are needed to create
stability, predictability and control. This again reduces the need for ad hoc opera-
tions when courses of action are well enough known and described beforehand in
work processes (for example the checklists ensuring that the important tasks have
been included). In order to manage situations where uncertainty needs to be
increased, control has to be decentralized to self-organizing units and performance
is not controlled but shaped and directed. Also to increase learning, ad hoc situations
should be favored. In these situations, humans are faced with uncertainty and new
occurring needs to which they have to react (Grote 2014).

Doz and Kosonen (2008) write about strategic agility and leading with values. In
traditional hierarchical, bureaucratic organizations, people were led by compliance
to rules and regulations. However, when quick decisions and the agility to react fast
are needed, the traditional way is a hindrance. A company should be lead collec-
tively with normative, internalized operational framework and shared values. This
way, quick decisions can be made when they need to be made in line with the overall
principles, policies and values of the company.

The maritime domain is quite regulated and therefore cannot totally be run like an
agile, constantly changing company. However, lessons can be learned on how to
succeed with uncertainty and unpredictability by benchmarking the best companies
operating in fast changing and turbulent environments. Further studies could include
how these people are lead in areas with flexible, value-based rules and how the
efforts of employees are directed towards the same goal. In addition, despite of the
importance of the master as the leader of the ship, research in this area is very limited
(Theotokas et al. 2014). Martinez-Cércoles et al. (2012) state that hardly any
literature can be found regarding team leadership in safety performance settings.
These are also issues that could benefit a more holistic view of safety management in
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the Arctic that cannot be based only on compliance to rules and working practices
due to the unpredictability and uncertainties.

Standards and procedures are important and the maritime domain is quite regu-
lated, therefore a balance between stability and flexibility in high-risk areas is a
strategic risk management question of the company. Naturally it is important to
follow the rules regulating the maritime industry: Safety of Life At Sea (SOLAS),
The International Safety Management Code (ISM Code) and the Polar Code etc.
However, IMO also states that there are areas that require continuous improvement
and a culture of self-regulating.

IMO (IMO Safety Culture) defines safety culture as an organization that “gives
appropriate priority to safety and realises that safety has to be managed like other
areas of business.” IMO states also, that “culture is more than merely avoiding
accidents or even reducing the number of accidents, although these are likely to be
the most apparent measures of success. In terms of shipboard operations, it is to do
the right thing at the right time in response to normal and emergency situations”.

According to IMO, safety culture is to take root in the professionalism of
seafarers, in their attitudes and performance; and highlights key activities “fo
recognise that accidents are preventable through following correct procedures
and established best practices, constantly thinking safety and seeking continuous
improvement.” The objective of safety management work should also be to “inspire
seafarers towards firm and effective self-regulation and to encourage personal
ownership of established best practice” (IMO Safety Culture). Clearly, there is a
need for compliance to rules and regulations, but also when seeking continuous
improvement, sometimes the old ways of working need to be left behind and new
ways are introduced.

Balancing between compliance to rules and following best practices, and the
flexibility to seek continuous improvement is important. Flexibility responds to
uncertainty and stability answers to the need for control (Grote 2014). When entering
areas like the Arctic where changing demands and unforeseen situations occur, the
crew needs to have some room to operate, more decentralized authority to make
decisions and adapt their behavior when facing ad hoc situations and to learn to gain
experience. This requires flexibility and resilience to tolerate performance variability
and disturbances. At the same time, when flexibility exists, individuals who are
required to follow flexible rules should be well trained, educated and possess the
right attitude of good Arctic seamanship. This needs to be supported by the organi-
zational culture to ensure, that those who are performing under flexible rules can take
advantage of the needed flexibility and not get confused, disorientated or violate the
rules. The organization needs to build a culture, which is also in balance with control
and accountability (Grote 2014).
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5 Human Resources

Progoulaki and Theotokas (2009) state that human resources are considered to be
very crucial to shipping companies in creating a competitive advantage. The high
performance of a ship is the result of high performance of the crew. They emphasize
the fact that high performance is a result of successful performance of the whole
crew working as a team and not just the performance of individuals.

Theotokas et al. (2014) strongly emphasize the role of the ship master as the
leader of a ship. Seafarers are living and working in a restrained space being long
time away from home, continuously exposed to sea originated risks. The ship master
as the leader of the ship and its crew is the key person for successful operations and
hence leading also the safety of a ship which has been highlighted also by Martinez-
Coércoles et al. (2012).

Liu et al. (2015) argue that team agility and rapid reaction is important to
efficiently respond to the turbulent, competitive, and ever changing needs of the
business environment. Also from a business perspective, Doz and Kosonen (2008)
emphasize strategic agility as an answer to constant change, uncertainty and
unpredictability. Successful, agile companies learn to operate in turbulent environ-
ments and under constant change where the achieved status is never taken for
granted but must be constantly worked for. One aspect of agility is the collective
commitment to goals, where the success of operations is the success of the whole
company and not just the success of individuals.

6 Multicultural Shipping

Shipping has a global labor market, which also leads to multiculturalism onboard. To
succeed in creating a high performance crew, the company should recruit high
quality employees from the global labor market. They should be lead and motivated
and the company should make an effort to ensure that they will stay with the
company. Frequent turnover of crew can lead to loss of important human resources
and tacit knowledge (Progoulaki and Theotokas 2009; Theotokas et al. 2014).

If crew turnover is high, rules and formalized working procedures are needed to
ensure that the job gets done as required when one seafarer is changed for another.
Formalization of work and work roles, written and enforced rules and procedures,
high levels of routine can affect both flexibility and the social interactions of the
crew. Social isolation and discrimination can occur onboard when seafarers are not
trained to handle multiculturalism. Social and intercultural confrontations influence
team cohesion negatively, affecting the performance of a crew as a team. To operate
successfully, the crew, the people who live and work together, should have both the
necessary official certificates and the personal ability to work as a member of the
ship’s team. When the crew consists of different nationalities with different cultural
backgrounds and experiences, the role of the ship master as the leader of the ship
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becomes very important. The hard and soft skills of a master, the abilities to lead,
motivate, inspire and empower the crew are vital for safe, effective and efficient
operation of a ship (Progoulaki and Theotokas 2009; Theotokas et al. 2014).

Bergheim et al. (2014) studied the relationship between psychological capital
(PsyCap), job satisfaction and safety perceptions in the maritime industry. PsyCap
consists of four dimensions. Firstly one’s belief to successfully execute and accom-
plish tasks. Secondly optimism, the tendency to have positive attitude towards the
future events. Thirdly hope and a tendency to persistently pursue goals and change
paths if needed to succeed. Fourthly resiliency, the ability to positively cope, tolerate
and bounce back when faced with problems and challenges.

Their results indicated that PsyCap in the maritime industry, is positively corre-
lated with safety climate when both personal and situational factors were relevant
regarding workplace safety. They also argued, that safety climate perceptions could
be more than just reflections of formal education and training in the job. It could
reflect the individual motivational state of seafarers, which “could be subject to
training and leadership processes” (2014 p. 31). They also argue, that PsyCap
represents a new perspective for leadership and safety management to improve
safety. The cultural backgrounds of the crew should also be taken into consideration,
as different factors that influence safety climate could be dependent on the culture.

7 Continuous Improvement of Safety and Crew
Involvement

Getting crewmembers to participate in safety related issues and activities are impor-
tant. Safety participation of the crew, a proactive behavior towards safety, makes it
possible to identify and detect non-conformities in processes, practices and the entire
system. This is essential for continuous improvement and developing a good safety
culture defined by IMO (IMO Safety Culture). Safety compliance is following rules
and regulations, wearing personal protection equipment and performing activities
needed to ensure workplace safety. Safety participation again is more of voluntary
nature where the crewmembers for example voluntarily take initiative in safety tasks
and safety improvement work. Personal motivation to participate in safety activities
and safety knowledge are significant indicators of safety participation. It can be
enhanced and significantly influenced by empowering leadership style (Martinez-
Coércoles et al. 2012).

Murphy (2014) emphasizes the importance of leadership also. He is reflecting the
principles from military world into the modern, complex business world with the
elements of uncertainty and unpredictability present. Murphy (2014) emphasizes
leadership, because it affects all aspects of a high-performing team and ensures their
success as a team. Effective leaders do not only order, but also listen actively to ideas
of their team members. This enables creative thinking and problem solving from new
directions.
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Unpredictability in the Arctic shipping routes can require at times creative
thinking, fast responding and performance adjustments to occurring ad hoc situa-
tional needs. Team coherence, proactive behavior towards safety and continuous
improvement can all be influenced by leadership. In these situations, also commu-
nication is highlighted, especially in safety critical situations.

8 Communication

Mazaheri et al. (2015) state in their case study on accident and incident reports on
grounding, that appropriate communication and cooperation in studied incident
cases stopped the situation from becoming serious. When inappropriate communi-
cation is present at the ship’s bridge, information flow is interrupted. This will
increase the likelihood of errors. They also point out that there is a strong link
between inappropriate communication and personal factors in the incident reports in
general, showing that the personalities of the crew affect safety through inappropri-
ate communication. They also highlight proper interaction between the
crewmembers.

Chauvin et al. (2013) highlights the same, where they state that most collisions
are due to decision errors. Inter-ship communication problems and bridge resource
management deficiencies are closely linked to collisions in restricted waters while
having a pilot onboard. In cases of collision with another vessel while having a pilot
onboard, 43 cases were linked to breakdowns in communication on the bridge,
between the vessels or in the teamwork on the bridge.

Appropriate communication and speaking up, as in expressing one’s mind or
concerns aloud, are important for safety, as they open up new perspectives for
decision-making and action. The master of the ship is in a key role to create an
atmosphere and culture on the ship, where crewmembers feel free to express their
minds, speak up and feel that their contribution is valued and appreciated. They also
need psychological safety, where team members do not fear punishment or embar-
rassment when they question certain courses of action or come forward with new
ideas for improvement. In time-critical situations, speaking up is emphasized. As
pointed out earlier, appropriate communication could have prevented many acci-
dents and near miss situations. However, speaking up should be done in a construc-
tive, non-threatening way. Crewmembers should be encouraged to speak up, but at
the same time understand that it is a two-way street. It is also important to be able to
receive feedback and adequately react when spoken to (Grote 2014).

Grote (2014) points out too, that appropriate communication between the team
and speaking up needs a general culture of trust, psychological safety and systematic
training. These are organizational actions to support the teams and especially team
leaders to create such a culture and routines that enable appropriate behavior to speak
up and adequate reacting when spoken to.
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Crisis management: Prevention and reduction of harm and damage
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Fig. 1 Onboard crisis management communication framework (based on Palttala and Vos (2012):
Strategy map for crisis communication supporting crisis management by public organisations)

Palttala and Vos (2012) have a Strategy map for crisis communication supporting
crisis management, which can also be used to understand communication in the
framework of continuous improvement and safety participation.

In Fig. 1, communication goals are divided into three: empowerment, under-
standing, and cooperation. On the communication process level every crewmember
is empowered to actively participate in the monitoring of the ship’s safety needs,
while at the same time understanding the framework of company guidelines and
formal regulations. Their successful cooperation is demonstrated in efficient and
cohesive responses to changes in the environment. Team agility and rapid reaction,
for example, are important to efficiently respond to the changing needs in the ship’s
environment. On a learning and growth level continuous evaluation, preparedness,
and best practices promote accountability and retention of lessons learned.

As an example of this could be team work at the bridge with increased look out
for growlers and submerged icebergs that are hard to detect. A multicultural crew
with different cultural backgrounds, language barriers and difficulties in interper-
sonal cooperation can create challenges for efficient communication. Training and
leadership can help to overcome these challenges.

9 Conclusion and Discussion

The Arctic is an environment where uncertainty and unpredictability are present.
Hence, not all can be described in best practices to be followed neither can all risks
be reduced, at least not yet. The human element is still needed to get the job done in
all circumstances from normal operation to handling incidents and surviving acci-
dents. IMO states that, safety culture should take root in the professionalism of
seafarers, where competency, training and attitudes are important.

For the safe, sustainable and profitable shipping in the Arctic, attention needs to
be paid to human resources. Hiring high performing seafarers from the global labor
market to create a high performance team, and working for team unity and trust will
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enhance team performance and constant improvement. Strengthening the belief in
safety-oriented actions and empowering every crewmember towards safety partici-
pation and constant improvement are important in creating a self-regulating culture.
The crew also needs to believe that what they say and do matters and is valued.

Trust and psychological safety are important in promoting speaking up and
appropriate communication within a crew team. In the modern multicultural envi-
ronment of shipping, the hard and soft skills of a master, the abilities to lead,
motivate, inspire and empower the crew are vital for safe, effective and efficient
operation of a ship. As the seafarers are not usually trained to handle multicultural-
ism onboard, it is left for the captain of the ship to create such an environment, which
promotes appropriate communication and teamwork.

In order to work with uncertainty, a high performing self-regulating crew needs a
level of flexibility to cope with occurring ad hoc situations, to question current ways
of working, and to make suggestions for continuous improvement. Making flexible
rules is a strategic risk and safety management question of the company, because
also compliance with official rules and regulations as well as best practices are still
needed to ensure safety of Arctic shipping.

It is essential to ensure that the skills and knowledge of the crew develops and that
the accumulated knowledge is kept within the ship and the company. This will
enable the ship as an organization to learn from experience and improve constantly
its performance and safety of Arctic shipping.

To lead and manage the safety of a ship is leadership and management of the
people living and working in the ship. The execution of safety measures lie within
the seafarers and their masters working at sea. They are the ones who react to and
manage situations as they occur. They use their skills and knowledge to adapt to
shortcomings in processes, work descriptions, equipment, and tools. They are the
ones who face the sea-originated risks on a regular basis and fight for their survival in
case of accidents. This chapter argues that from the captain’s point of view, excellent
seafarers, their competence, skills, collective attitudes and good Arctic seamanship
are the key to a safer and more sustainable Arctic shipping.
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Abstract The Polar Code has entered into force and the new polar seafarer require-
ments are expected to enter into force in July 2018. In the meantime the IMO is
working on additional issues pertinent to operations in polar areas, such as risk
assessment, additional performance and test standards, gathering data on
non-SOLAS ships operating in polar waters, and amendments to the survey guide-
lines. There are additional measures that IMO might consider to strengthen safety
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and environmental protections in the Arctic, including ships’ routeing and reporting,
VTS, port State control, MARPOL special areas, PSSAs, emission control areas,
marine protected areas, ballast water and anti-foulants.

Keywords Polar Code - Port State control - ISPS Code - MARPOL special areas -
Emission control areas - Marine protected areas - Ballast water control

1 Introduction

Although the Polar Code entered into force on 1 January 2017, and the new polar
seafarer requirements to the STCW and Code are expected to enter into force 1 July
2018, the IMO is already considering new items. This chapter describes the IMO’s
ongoing work on Polar Code issues and discusses the various potential new mea-
sures available through the IMO that might affect Arctic shipping.

2 Current Work on the Polar Code

2.1 Risk Assessment

One matter being considered by the IMO is risk assessment, i.e. judging whether,
when and where a particular class of ship may safely operate in the intended voyage
in polar waters. This is of particular importance to the ability to obtain maritime
insurance for voyages in polar waters (Kingston 2015).

Paragraph 1-A/1.37 of the Polar Code provides that the Polar Ship Certificate
‘shall reference a methodology to assess operational capabilities and limitations in
ice to the satisfaction of the Administration, taking into account the guidelines
developed by the Organization.” At MSC 94, the Committee agreed on the estab-
lishment of a correspondence group to prepare draft guidance on a methodology for
determining limitations for operation in ice for structural risk assessment, and to
exchange information on experience with operations in ice to validate guidance for
operations in ice (International Maritime Organization 2014a). The correspondence
group reported to MSC 95 that it made some progress on the development of the
guidance but recommended the group be reestablished by MSC 95 (International
Maritime Organization (Maritime Safety Committee) 2015a). Taking into account
the need to make progress in light of the adoption of the Polar Code by MSC 94 and
MEPC 68, MSC 95 decided to re-establish the Correspondence Group on the
Development of guidance on a methodology for determining limitations for opera-
tion in ice, and associated draft MSC circular, for structural risk assessment and
inclusion in the ship’s documents, based on the documents previously submitted.
MSC 96 approved the report in general and MSC.1/Circ.1519 on Guidance on
methodologies for assessing operational capabilities and limitations in ice
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(International Maritime Organization 2015b, 2016a, b, d). With regard to the future
review of the Guidance, which could include discussion on the treatment of brash
ice, the Committee agreed that this should be undertaken by the Ship Design and
Construction (SDC) Sub-Committee, without a need for a new output, under the
existing output 5.2.1.15 (Consequential work related to the new Code for ships
operating in polar waters), in due course (International Maritime Organization
2016c¢).

2.2 Additional Performance and Test Standards

At MSC 95 the Committee also instructed the Sub-committee on Ship Systems and
Equipment (SSE 3), in light of the adoption of the Polar Code, to consider whether
additional performance or test standards for fire safety/protection and life-saving
appliances and arrangements in relation to the Polar Code are necessary, and advise
MSC 96 on the best way to proceed (International Maritime Organization 2015b,
2016e, g).

In a submission to SSE 3, it was recommended that the Sub-Committee advise
MSC 97 that the International Life-Saving Appliance (LSA) Code should be further
reviewed to identify and develop necessary amendments, with a view to meeting the
additional demands that the Polar Code put on life-saving appliances and arrange-
ments. The submission emphasized that any amendments would be additional
performance and/or test criteria for the equipment and systems on board ships to
which a Polar Ship Certificate is issued. For equipment and systems used on ships
operating outside polar waters, the test regimes would remain unchanged (Interna-
tional Maritime Organization 2015c).

Following discussion, the Sub-Committee endorsed the view that additional
performance and test standards for the equipment and systems on board ships
operating in polar waters should be developed. In this connection, the
Sub-Committee invited MSC 97 to endorse this decision and take action as appro-
priate. The Sub-Committee also invited interested Member Governments and inter-
national organizations to submit comments and proposals pertaining to the scope of
work, type of equipment, etc. for consideration at MSC 97 (International Maritime
Organization 2015d). At MSC 97 the Committee considered two documents pro-
posing the Committee instruct SSE and NCSR Sub-Committees review, adapt
and/or develop the necessary requirements (International Maritime Organization
2017a, b). The Committee noted this work was necessary to support implementation
of the Polar Code, instructed SSE to review the LSA Code and relevant IMO
resolutions to adapt current testing and performance standards to the Polar Code
provisions or develop additional requirements if necessary, and develop guidance on
extinguishing media at polar service temperature. The Committee instructed the
Sub-Committee on Navigation, Communications and Search and Rescue (NCSR)
to consider current communication requirements in SOLAS and the need for any
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amendments, and to consider the need for a new performance standard for GNSS
compasses (International Maritime Organization 2016h).’

2.3 Extending the Polar Code to Non-SOLAS Ships

The Committee had previously agreed to consider extending the Polar Code to
non-SOLAS ships after the Polar Code was adopted (International Maritime Orga-
nization 2011, 2012a, b).

MSC 95 noted two documents regarding incidents in polar waters involving
non-SOLAS vessels (International Maritime Organization 2015e, f) and encouraged
Member States and international organisations to submit information on incidents in
polar waters to assist in assessing the potential scope of the Polar Code to
non-Convention vessels operating in polar waters, for consideration at MSC
96 (International Maritime Organization 2015g). MSC 96 noted three submissions
and invited addition information be provided to MSC 97 (International Maritime
Organization 2016f).> MSC 97 considered two papers and noted their information
would support the next phase of the Polar Code once it commences (International
Maritime Organization 2017d).’

2.4 Polar Code-Related Amendments to the Survey
Guidelines

MSC 97, with the concurrence of MEPC 70, approved MSC-MEPC.5/Circ.11 on
Amendments to the Survey Guidelines under the Harmonized System of Surveys and
Certification, 2015 for Ships Operating in Polar Waters. The Committee had
considered a submission by IACS seeking clarification of paragraph 1.3 of chapter
I-A of the Polar Code that was not specific as to which statutory certificate SOLAS
regulation XIV/2/2 applied to passenger and cargo ships (International Maritime
Organization 2016i). In approving the circular the Committee recognized that the

"In that regard Germany submitted a paper to NSCR 4, Development of amendments to perfor-
mance standards for navigation and communication equipment used in polar waters in support of
the implementation of the Polar Code, NCSR 4/28 (20 January 2017).

%Information was submitted to MSC 96 by New Zealand in MSC 96/24 (14 December 2015), by
Iceland in MSC 96/24/3 (8 March 2016), and by FOEI and others in MSC 96/24/7 (8 March 2016).

3Two papers providing addition information were submitted to MSC 97, International Code for
Ships Operating in Polar Waters (Polar Code), MSC 97/21/8/Rev 1 (21 November 2016) (Chile)
and Non-SOLAS vessel operations in polar waters in preparation for work on phase 2 of the Polar
Code, MSC 97/21/10 (16 September 2016) (FOEI, WWW and the Pacific Environment). MSC
97/22, paras 21.9-21.10. These papers were submitted to SDC 4 as SDC 4/13 (9 December 2016)
(FOEI, WWW and the Pacific Environment) and SDC 4/13/1 (8 December 2016) (New Zealand).
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amendments should be incorporated in the draft Assembly resolution on the Survey
Guidelines under the HSSC to be developed by the Sub-committee on Implementa-
tion of IMO Instruments (III 4) and considered by Assembly 30 (in November 2017)
for adoption (International Maritime Organization 2017c).

As experience is gained in the years following its entry into force in 2017 and
implementation, it can be expected that modification and improvements to the Polar
Code will occur. However, it must not be forgotten that the Polar Code supplements
and does not replace the many existing IMO conventions applicable to international
shipping worldwide.

3 Potential New Measures

MEPC 67 stressed that any future amendments to the Polar Code to introduce
additional or new environment-related requirements requires approval by the Com-
mittee as a new output in accordance with the Committee’s Guidelines,
MSC-MEPC.1/Circ.4/Rev.2, 8 June 2012, as amended (International Maritime
Organization 2014b). Thus, unless a proposal fits under a continuous agenda item,
it must first get approval from MSC/MEPC for a new work item/unplanned output,
as described below. There are two relevant continuous agenda items:

e NCSR: Routeing measures and mandatory ship reporting systems; and
* MEPC: Identification and protection of Special Areas and PSSAs.

Discussed first are measures under the cognizance of the Maritime Safety
Committee.

3.1 Routeing and Reporting Systems; Vessel Traffic Services

The Sub-committee on Navigation, Communications and Search and Rescue
(NCSR), which reports to MSC, has several continuing agenda items, one of
which is ‘Routeing measures and mandatory ship reporting systems’. The Arctic
8 and Arctic Council Observer States are all party to the International Convention for
the Safety of Life at Sea, 1974, as amended (SOLAS). Chapter V of the regulations
annexed to SOLAS provides for the establishment of ships’ routeing systems and
ship reporting systems, which can be made mandatory if the IMO approves them
(Regulations V/10 and V/11). SOLAS regulation V/12 provides for the establish-
ment by parties of vessel traffic services where the volume of traffic or the degree of
risk justified such services. These regulations are discussed next.

Ships’ routeing systems are regulated by SOLAS Regulation V/10, which
provides:

1. Ships’ routeing systems contribute to safety of life at sea, safety and efficiency
of navigation and/or protection of the marine environment. Ships’ routeing
systems are recommended for use by, and may be made mandatory for, all
ships, certain categories of ships or ships carrying certain cargoes, when adopted
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and implemented in accordance with the guidelines and criteria developed by
the Organization.“’5

. The Organization is recognized as the only international body for developing

guidelines, criteria and regulations on an international level for ships’ routeing
systems. Contracting Governments shall refer proposals for the adoption of
ships’ routeing systems to the Organization. The Organization will collate and
disseminate to Contracting Governments all relevant information with regard to
any adopted ships’ routeing systems.

. The initiation of action for establishing a ships’ routeing system is the respon-

sibility of the Government or Governments concerned. In developing such
systems for adoption by the Organization, the guidelines and criteria developed
by the Organization shall be taken into account.

. Ships’ routeing systems should be submitted to the Organization for adoption.

However, a Government or Governments implementing ships’ routeing systems
not intended to be submitted to the Organization for adoption or which have not
been adopted by the Organization are encouraged to take into account, wherever
possible, the guidelines and criteria developed by the Organization (see Foot-
notes 4 and 5).

. Where two or more Governments have a common interest in a particular area,

they should formulate joint proposals for the delineation and use of a routeing
system therein on the basis of an agreement between them. Upon receipt of such
proposal and before proceeding with consideration of it for adoption, the
Organization shall ensure details of the proposal are disseminated to the Gov-
ernments which have a common interest in the area, including countries in the
vicinity of the proposed ships’ routeing system.

. Contracting Governments shall adhere to the measures adopted by the Organi-

zation concerning ships’ routeing. They shall promulgate all information nec-
essary for the safe and effective use of adopted ships’ routeing systems. A
Government or Governments concerned may monitor traffic in those systems.
Contracting Governments shall do everything in their power to secure the
appropriate use of ships’ routeing systems adopted by the Organization.

. A ship shall use a mandatory ships’ routeing system adopted by the Organiza-

tion as required for its category or cargo carried and in accordance with the
relevant provisions in force unless there are compelling reasons not to use a
particular ships’ routeing system. Any such reason shall be recorded in the
ships’ log.

“Refer to the General Provisions on Ships’ Routeing adopted by the Organization by resolution
A.572(14)), as amended.

5The IMO Publication Ships’ Routeing includes General provisions on ships’ routeing, first adopted
by IMO in 1973, and subsequently amended over the years. The provisions are aimed at
standardising the design, development, charted presentation and use of routeing measures adopted
by IMO. For additional information on ships’ routeing, http://www.imo.org/OurWork/Safety/Nav
igation/Pages/ShipsRouteing.aspx.


http://www.imo.org/OurWork/Safety/Navigation/Pages/ShipsRouteing.aspx
http://www.imo.org/OurWork/Safety/Navigation/Pages/ShipsRouteing.aspx
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8. Mandatory ships’ routeing systems shall be reviewed by the Contracting Gov-
ernment or Governments concerned in accordance with the guidelines and
criteria developed by the Organization.

9. All adopted ships’ routeing systems and actions taken to enforce compliance
with those systems shall be consistent with international law, including the
relevant provisions of the 1982 United Nations Convention on the Law of
the Sea.

10. Nothing in this regulation nor its associated guidelines and criteria shall preju-
dice the rights and duties of Governments under international law or the legal
regimes of straits used for international navigation and archipelagic sea lanes.

Ship reporting systems are regulated by SOLAS Regulation V/11, which
provides in part:

1. Ship reporting systems contribute to safety of life at sea, safety and effi-
ciency of navigation and/or protection of the marine environment. A ship reporting
system, when adopted and implemented in accordance with the guidelines and
criteria developed by the Organization pursuant to this regulation, shall be used by
all ships, or certain categories of ships or ships carrying certain cargoes in accor-
dance with the provisions of each system so adopted.

2. The Organization is recognized as the only international body for developing
guidelines, criteria and regulations on an international level for ship reporting
systems. Contracting Government shall refer proposals for the adoption of ship
reporting systems to the Organization. The Organization will collate and disseminate
to Contracting Governments all relevant information with regard to any adopted ship
reporting system.

8. All adopted ship reporting systems and actions taken to enforce compliance
with those systems shall be consistent with international law, including the relevant
provisions of the United Nations Convention on the Law of the Sea.

9. Nothing in this regulation or its associated guidelines and criteria shall
prejudice the rights and duties of Governments under international law or the legal
regimes of straits used for international navigation and archipelagic sea lanes.

The basic regulations on vessel traffic services are contained in SOLAS Regula-
tion V/12, which reads in part:

1. Vessel traffic services (VTS) contribute to safety of life at sea, safety and
efficiency of navigation and protection of the marine environment, adjacent shore
areas, work sites and offshore installations from possible adverse effects of maritime
traffic.

3. Contracting Governments planning and implementing VTS shall, wherever
possible, follow the guidelines developed by the Organization.® The use of VTS may
only be made mandatory in sea areas within the territorial seas of a coastal State.

SRefer to the Guidelines on Vessel Traffic Services adopted by the Organization by resolution
A.857(20).
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5. Nothing in this regulation or the guidelines adopted by the Organization
shall prejudice the rights and duties of Governments under international law or the
legal regimes of straits used for international navigation and archipelagic sea lanes.

IMO guidance for ship routeing and reporting systems is contained in various
IMO resolutions.” Guidance for vessel traffic services is contained in a manual
prepared by the International Association of Marine Aids to Navigation and Light-
house Authorities (IALA) (IALA 2009, 2012).® Any new routeing system will have
to take into account the seasonal presence of Arctic sea ice and how ships may
navigate outside any routes to enhance safety due to the present sea ice conditions.

3.1.1 Mandatory Ship Reporting Systems in Straits

Mandatory ship reporting systems for straits used for international navigation have
been approved by the IMO for the Straits of Malacca and Singapore (resolution
MSC.73(69)), Torres Strait (resolution MSC.161(78)), Great Belt (resolution
MSC.230(82)), Strait of Gibraltar (resolution MSC.300(87)), and The Sound (reso-
lution MSC.314(88)).° In addition, pursuant to a Russian and Norwegian proposal,
in 2012 the MSC adopted a new mandatory ship reporting system ‘In the Barents
Area (BARENTS SRS)’ by Resolution MSC.348(91), 28 November 2012, effective
1 June 2013 (International Maritime Organization 2012c).'® Reports are to be made
to either Vardg VTS center or Murmansk VTS center. The reporting area is between
66°N and 72°N along the northern coast of Norway.

One might expect that proposals on routeing and reporting measures for the
Bering Strait may well be introduced at future meetings of NCSR. Russia may

"The General Provisions on Ships’ Routeing, ibid, reflect IMO, General Principles for Ship
Reporting Systems and Ship Reporting Requirements, including Guidelines for Reporting Incidents
involving Dangerous Goods, Harmful Substances and/or Marine Pollutants, Resolution A.851
(20) (27 November 1997) http://www.imo.org/blast/blastData.asp?doc_id=9884&filename=A%
20851%2820%29.pdf; IMO, Guidance Note on the Preparation of Proposals on Ships’ Routeing
Systems and Ship Reporting Systems for Submission to the Sub-Committee on Safety of Navigation,
MSC.1/Circ.1060 (6 January 2003); and IMO, Amendment to the Guidance Note on the Prepara-
tion of Proposals on Ships’ Routeing Systems and Ship Reporting Systems for Submission to the
Sub-Committee on Safety of Navigation, MSC.1/Circ.1060/Add.1 (26 May 2006) online: https://
docs.imo.org/Shared/Download.aspx?did=37577. NCSR was tasked by MSC 95 to consider revi-
sions of the Guidelines and criteria for ship reporting systems (MSC.43(64) as amended by
MSC.111(73)), with a target completion year of 2017. IMO, Report of the MSC on its 95th Session,
MSC 95/22 (19 June 2015), para. 19.12.3.

8For additional information on VTS, see http://www.imo.org/OurWork/Safety/Navigation/Pages/
VesselTrafficServices.aspx.

“USCG, ‘IMO MSC Resolutions’, http:/www.navcen.uscg.gov/?pageName=mscResolutions.

OA list of MSC resolutions may be found online: http://www.imo.org/KnowledgeCentre/
IndexofIMOResolutions/Maritime-Safety-Committee-%28MSC %?29/Pages/default.aspx.
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also do the same for the Northern Sea Route, rather than rely solely on its unilateral
measures.

3.2 Port State Control

Port State Control is the inspection of foreign flag ships in national ports to verify the
condition of the ship and its equipment comply with the requirements of interna-
tional regulations and that the ship is manned and operated in compliance with these
rules. The basis in international law for port state control lies in provisions of the
Law of the Sea Convention'' and IMO treaties.'? Guidance on the conduct of port
state control is contained IMO Assembly resolution A.1052(27) (2011). In addition
there are nine regional agreements on port state control to coordinate the inspections
to focus on substandard ships and avoid multiple inspections.' It can be expected
that the IMO Assembly resolution will in due course be revised to include guidance
regarding the Polar Code.

3.3 ISPS Code

Following September 11, the IMO adopted special measures to enhance maritime
security, as amendments to SOLAS (chapter XI-2) and the International Ship and Port
Facility Security (ISPS) Code.'* These are applicable to commercial ships that could
be expected to traverse the Arctic Ocean, and will be applicable to ports on the rim."”

"'United Nations Convention on the Law of the Sea, adopted 10 December 1982, 1833 UNTS
397 (entered into force 16 November 1994) (LOS Convention), articles 94(6) and 219.

International Convention for the Safety of Life at Sea, adopted 1 November 1974, 1184 UNTS
277 (entered into force 25 May 1980) (SOLAS Convention), regulations 1/19, IX/6.2, XI-1/4, XI-2/
9; International Convention on Load Lines, 640 UNTS 133, London 5 April 1966 (entered into
force 21 July 1968), article 21; International Convention for the Prevention of Pollution from Ships,
adopted 2 November 1973, 1340 UNTS 61 (entered into force 2 October 1983) (MARPOL 73/78),
Annex I articles 5 & 6 and regulation 11, Annex II regulation 16.9, Annex III regulation 8, Annex
IV regulation 13, Annex V regulation 8, Annex VI regulation 10; International Convention on
Standards of Training, Certification and Watchkeeping for Seafarers, with Annex (STCW), London
7 July 1978 (entered into force 28 April 1984), 1361 UNTS 75, article X and regulation 1/4;
International Convention on the Tonnage Measurements of Ships, 1969, with annexes, London
23 June 1969 (entered into force 18 July 1982), 1291 UNTS 3, article 121; International Convention
on the Control of Harmful Anti-Fouling Systems on Ships, 2001, London 5 Oct. 2001 (entered into
force 17 Sept. 2008), UNTS, IMO doc. AFS/CONF/26, article 11.

3See IMO, ‘Port State Control’ online: http://www.imo.org/en/OurWork/MSAS/Pages/
PortStateControl.aspx.

“SOLAS Convention, supra note 11, Chapter XI-2 (Special Measures To Enhance Maritime
Security) and the International Ship and Port Facility Security Code, adopted 12 Dec. 2002 by
the Conference of Contracting Governments to the International Convention for the Safety of Life at
Sea, 1974.

Ibid, Regulation XI-2/2.


http://www.imo.org/en/OurWork/MSAS/Pages/PortStateControl.aspx
http://www.imo.org/en/OurWork/MSAS/Pages/PortStateControl.aspx
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3.4 Special Protection for Arctic Ocean Areas under
the Cognizance of MEPC (Det Norske Veritas (DNV)
2014a)

MEPC has as one of its continuing agenda items ‘Identification and protection of
Special Areas and PSSAs.’

3.4.1 MARPOL Special Areas

In Annexes I (Prevention of pollution by oil), II (Control of pollution by noxious
liquid substances) and V (Prevention of pollution by garbage from ships), MARPOL
defines certain sea areas as ‘special areas’ in which, for technical reasons relating to
their oceanographical and ecological condition and to their sea traffic, the adoption
of special mandatory methods for the prevention of sea pollution is required. Under
the Convention, these special areas are provided with a higher level of protection
than other areas of the sea.'®

Annex I to MARPOL 73/78 contains regulations for the prevention of pollution by
oil. The Annex provides for the establishment of special sea areas where for
recognised technical reasons in relation to its oceanographic and ecological condition
and to the particular character of its traffic, the adoption of special mandatory methods
for the prevention of sea pollution by oil is required.'” Guidelines on designating
MARPOL Special Areas are contained in resolution A.1087(28), 2013 Guidelines for
the Designation of Special Areas under MARPOL (21 February 2014).

In respect of the Arctic Ocean, Part II-A of the Polar Code prohibits any discharge
into the sea by oil or oily mixtures from any ship (regulation 1.1.1), and any
discharge into the sea of noxious liquid substances or mixtures containing such
substances (regulation 2.1.1). With regard to sewage and garbage from ships in
Arctic waters, any such discharges are prohibited, except when in accordance with
MARPOL Annexes IV and V and the requirements of Regulations 4.2.1-4.2.3 and
5.2.1 thereof.

As these prohibitions are more stringent than the normal restrictions in these
MARPOL Annexes, it can be said that the Polar Code discharge restrictions in effect
make the Arctic Ocean MARPOL Special Areas without saying so, particularly with
the paucity of port waste reception facilities in the region.

'SFor a table listing all MARPOL Special Areas approved by IMO, see: http://www.imo.org/
OurWork/Environment/Special AreasUnderMARPOL/Pages/Default.aspx. A prerequisite for the
establishment of a MARPOL Special Area is the availability of adequate port waste reception
facilities.

""MARPOL 73/78, Annex 1, Regulation I/1.11. Resolution A.1087(28). ‘Guidelines for the Des-
ignation of Special Areas under MARPOL’ (2013), is not yet available at http://www.imo.org/
KnowledgeCentre/IndexofIMOResolutions/Pages/Assembly-%28 A%?29.aspx.


http://www.imo.org/OurWork/Environment/SpecialAreasUnderMARPOL/Pages/Default.aspx
http://www.imo.org/OurWork/Environment/SpecialAreasUnderMARPOL/Pages/Default.aspx
http://www.imo.org/KnowledgeCentre/IndexofIMOResolutions/Pages/Assembly-%28A%29.aspx
http://www.imo.org/KnowledgeCentre/IndexofIMOResolutions/Pages/Assembly-%28A%29.aspx
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In respect of the Antarctic area, any discharge into the sea of oil or oily mixtures,
or noxious liquid substances or mixtures containing such substances, from any ship
is already prohibited.'® The discharge of garbage into several special areas, including
Antarctica, is also prohibited.19

A prohibition on the use of heavy fuel oil (HFO) in the Southern Ocean was
adopted by MEPC 60, effective 1 August 2011 (International Maritime Organization
2010), and amended by MEPC 67, effective 1 March 2016 (International Maritime
Organization 2014c, d). A similar prohibition for the Arctic Ocean was considered at
MEPC 70 and is being supported by the Arctic cruise industry (Clean Arctic
Alliance 2016; International Maritime Organization 2016k; MarEx 2016).

3.4.2 Particularly Sensitive Sea Areas (PSSAs)

A PSSA is an area that needs special protection through action by IMO because of its
significance for recognised ecological, socio-economic or scientific reasons, and
which may be vulnerable to damage by international maritime activities.

Guidelines on designating a PSSA are contained in IMO resolution A.982
(24) Revised guidelines for the identification and designation of PSSAs, as amended
(International Maritime Organization 2005, 2014e).”" These guidelines include
several criteria to allow areas to be designated as a PSSA if they fulfil a number of
criteria, including: ecological criteria, such as unique or rare ecosystem, diversity of
the ecosystem or vulnerability to degradation by natural events or human activities;
social, cultural and economic criteria, such as significance of the area for recreation
or tourism; and scientific and educational criteria, such as biological research or
historical value.

An application for PSSA designation should contain a proposal for an associated
protective measure or measures (APMs) aimed at preventing, reducing or eliminat-
ing the threat or identified vulnerability. Associated protective measures for PSSAs
are limited to actions that are to be, or have been, approved and adopted by IMO.

When an area is approved as a PSSA, specific measures can be used to control the
maritime activities in that area, such as routeing measures; strict application of
MARPOL discharge and equipment requirements for ships, such as oil tankers;
and installation of Vessel Traffic Services (VTS). Another routeing measure that can
be used in a PSSA is an area to be avoided (i.e., an area within defined limits in
which either navigation is particularly hazardous or it is exceptionally important to

'81bid, Annex 1, Regulation 1/15.4 and Annex 11, Regulation 1I/13.8.2.

Ibid, Annex V, Regulation V/5.

2OThe guidelines update International Maritime Organization (2001). Consequential amendments to
resolution A.982(24) proposed by MEPC 67/10 (22 July 2014) were deferred to MEPC 68, IMO,
Report of the MEPC on its 67th Session, MEPC 67/20 (31 October 2014), para 10.1. MEPC
68 adopted resolution MEPC.267(68) on Amendments to resolution A.982(24) as set out in Annex
13 to MEPC 68/21/Add.1. International Maritime Organization (2015i).
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avoid casualties and which should be avoided by all ships, or by certain classes of
ships).

The guidelines provide advice to IMO Member Governments in the formulation
and submission of applications for the designation of PSSAs to ensure that in the
process, all interests—those of the coastal State, flag States, and the environmental
and shipping communities—are thoroughly considered on the basis of relevant
scientific, technical, economic, and environmental information regarding the area
at risk of damage from international shipping activities.*'

An approved PSSA is charted (International Maritime Organization 2002).>? This
serves to warn the mariner of the need for careful navigation.

Reporting of any subsequent developments or requirements for review are min-
imal at best. At MEPC 70 the Committee considered a proposal by the Russian
Federation to introduce requirements to evaluate regularly the status and effective-
ness of Special Areas and PSSAs (International Maritime Organization 2016j).

The Committee noted that with regard to the evaluation of existing PSSAs, in
particular the effectiveness of APMs, MEPC 65 (May 2011) had requested Member
Governments to submit such evaluations in accordance with paragraph 8.4 of the
Revised PSSA Guidelines or to bring any concerns with the APMs to the IMO’s
attention so that any necessary adjustments may be made (International Maritime
Organization 2013). It was noted that to date no specific evaluations have been
received.

With regard to Special Areas, the Committee noted that there are no requirements
to evaluate the effectiveness of such areas