
Vol.:(0123456789)

https://doi.org/10.1007/s12198-021-00241-7

1 3

A discussion on the implementation of the Polar Code 
and the STCW Convention’s training requirements for ice 
navigation in polar waters

Espen Engtrø1 

Received: 1 July 2021 / Accepted: 26 November 2021 
© The Author(s) 2021

Abstract
In 2017, the International Maritime Organization (IMO) implemented the Inter-
national Code for Ships Operating in Polar Waters (Polar Code), with mandatory 
requirements covering the Arctic and Antarctic Oceans. In this conjunction, the 
International Convention on Standards of Training, Certification and Watchkeep-
ing (STCW) were amended in 2018. New training requirements were made applica-
ble for dedicated personnel in charge of a navigational watch on ships with a Polar 
Ship Certificate (PSC) operating in polar waters. In association with the new train-
ing requirements amending the STCW Convention, the IMO, and Transport Canada 
(flag state authority) signed a Memorandum of Understanding in 2017, for Canada 
to develop and deliver four regional capacity-building “train-the-trainer” workshops. 
The objectives of these events were to assist maritime education and training (MET) 
institutes in enhancing the skills and competence of instructors, to develop compe-
tence-based STCW training programs, for dedicated personnel on ships operating in 
polar waters. This paper examines the first workshop conducted in Canada (2019), to 
understand the mechanisms in the interaction taking place between the IMO and the 
Canadian workshop developers and instructors, using the System Theoretic Acci-
dent Model and Processes (STAMP). Individual expert interviews are performed, 
with the main contributors directly involved in developing and conducting the work-
shop, to evaluate the event’s contribution to improving and specifying the STCW 
Convention’s training requirements, as referenced in the Polar Code, for seafarers 
operating in polar waters.
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Abbreviations
HRO  High Reliability Organization
IACS  The International Association of Classification Societies
III  (The IMO Sub-Committee on) Implementation of IMO 

Instruments
IMO  The International Maritime Organization
IRGC   The International Risk Governance Council
ISO  The International Standard Organization
MARPOL  The International Convention for the Prevention of Pollution 

from Ships
MET  Maritime Education and Training
MSC  The IMO Maritime Safety Committee
NGOs  Non-Governmental Organizations
NMA  Norwegian Maritime Authorities
PAME  Protection of the Arctic Marine Environment
Polar Code  The International Code for Ships Operating in Polar Waters
POLARIS  Polar Operational Limit Assessment Risk Indexing System
PSC  Polar Ship Certificate
PWOM  Polar Water Operation Manual
SOLAS  The International Convention for the Safety of Life at Sea
STAMP  System Theoretic Accident Model and Processes
STCW   The International Convention on Standards of Training, Certifi-

cation and Watchkeeping
STPA  System-Theoretic Process Analysis
Transport Canada  Canadian Flag State Authority
UNCLOS  The United Nations Convention on the Law of the Sea

Introduction

The Arctic region is experiencing extensive growth in commercial shipping activi-
ties, while, simultaneously, the sea ice extent is steadily decreasing, enabling extended 
seasons and voyages in areas previously considered inaccessible for most ships during 
large periods of the year (Protection of the Arctic Marine Environment [PAME] 2020; 
Silber and Adams 2019). Shipping in the Arctic Ocean is associated with additional 
risks, considering the adverse and prevailing climate conditions with the presence of 
ice, representing great hazards. Ice accretion, caused by sub-zero temperatures and 
freezing sea spray coming into contact with ships’ surfaces, is the most hazardous form 
of icing and also the most common (Karahalil et  al. 2020). Uncontrolled, sea spray 
icing is a great hazard in respect of the risk of loss of ship stability and integrity, as well 
as equipment failure (International Standard Organization [ISO] 2019). Further, float-
ing ice in many forms constitutes an extremely hazardous condition if colliding with 
a ship in voyage, involving the risk of damage to hull and structure (Ghosh and Rubly 
2015). Ship navigation in Arctic waters can be extremely challenging, with a chang-
ing landscape of sea ice, draft restrictions in many areas, lack of hydrographic data 
and detailed surveys, less reliable navigation and satellite communication, and reduced 
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visibility due to fog or darkness for long periods of the year (Hill et al. 2015; Ghosh 
and Rubly 2015; DNV GL 2015).

In 2017, The International Code for Ships Operating in Polar Waters (Polar Code) 
was adopted by the International Maritime Organization (IMO), applicable to the Arc-
tic and Antarctic Oceans (International Maritime Organization [IMO] 2017). In con-
junction with the Polar Code’s implementation, the International Convention on Stand-
ards of Training, Certification and Watchkeeping (STCW) was amended the following 
year (2018); new Regulations on qualifications and certificates for seafarers were 
made applicable, providing training requirements for masters, chief mates and officers 
in charge of a navigational watch on ships with a Polar Ship Certificate (PSC), operat-
ing in open and other polar waters (Norwegian Maritime Authorities [NMA] 2018). 
In this regard, in 2017, the IMO and the Government of Canada (Transport Canada, 
flag state authority) signed a Memorandum of Understanding, for Canada to provide 
financial support and expertise in supporting the implementation of the Polar Code; 
more specifically, it was agreed that Canada would deliver four regional capacity-
building “train-the-trainer” workshops. The objectives were to assist flag state authori-
ties and maritime education and training (MET) institutes in enhancing the skills and 
competence of maritime instructors, to develop competence-based training programs, 
to update existing ones, and to improve the delivery of the STCW Basic and Advanced 
training for dedicated personnel on ships operating in polar waters (Offshore Energy 
2017; International Maritime Organization [IMO], (n.d.b).

Governance of polar water ship operations is of interest, and various academic disci-
plines are involved in investigating the efficacy, implications and consequences associ-
ated with the implementation of the Polar Code. The enforcement and application of 
its function-based requirements and how practices evolve are complex matters to study, 
considering the various stakeholders involved in ship operations in the Arctic and 
related maritime activities. This paper uses the System Theoretic Accident Model and 
Processes (STAMP) (Leveson 2011) to model the complexity of contributing factors. 
Individual expert interviews are performed with the main contributors to the Canadian 
capacity-building “train-the-trainer” workshop, to evaluate the event’s contribution to 
specifying and improving the STCW Convention’s training requirements, as referenced 
in the Polar Code, for seafarers operating in polar waters. The System-Theoretic Pro-
cess Analysis (STPA) developed from STAMP is used in this assessment of the work-
shop (See Results).

In the following, the methodological approach of this paper is provided, followed 
by a summary of the most relevant IMO instruments applicable for international ship 
operations in the Arctic, before the results of the analysis of the workshop are pre-
sented, which are discussed and concluded on at the end of this paper.
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Method

Literature review

Accident models

During accident investigations, the causes leading up to events and their con-
sequences are investigated. This work is conducted by collecting and analyzing 
available information, enabling reasoning about the causations, often identified as 
latent conditions and root causes, influence of human errors, technical malfunc-
tions, poor maintenance, or lack of safety culture (Reason 2016). In a develop-
mental trend, earlier accident models addressing safety and high-risk technolo-
gies consider linear interactions as those interactions – of one component in the 
system with one or more components preceding or following it immediately in 
the sequence of production – that are recognized as leading to predictable and 
comprehensible event sequences (even during accidents), and the system is func-
tioning as per design (Perrow 1984). On the contrary, system accidents (or nor-
mal accidents) involve the unanticipated interaction of multiple failures, identi-
fied by the concepts of complex and tightly coupled systems. This complexity 
is characterized by multi-component systems, with a high level of interaction 
between the components occurring in non-linear ways. Complex and non-linear 
interactions will generally be those, not intended in the design, that lead to unex-
pected event sequences and that are often related to feedback loops introduced to 
increase efficiency. A change in one component may trigger a new feedback loop, 
inhibit an existing one or turn a feedback loop into its opposite, and this interac-
tive complexity may help create new categories of accidents and unknown side 
effects (ibid., 1984).

Another approach to viewing system accidents also focusing attention on high-
risk technologies and complex systems. But rather challenging to explain why 
accidents occur, this research explains why so few serious accidents occur (SIN-
TEF 2010). The High Reliability Organizations (HROs) approach is that, despite 
the hazards of complexity and tight couplings which are characteristic of these 
systems, the continuous management of safe, reliable, and functional high-risk, 
high-hazard organizations, over periods of time, is achieved by the organization`s 
flexibility and ability to sufficiently decentralize, to handle the interactive com-
plexity, and at the same time sufficiently centralize, to handle the tight coupling 
(SINTEF   2010; Sutcliffe 2011). The HRO theory and its key principles are 
widely applied to achieve minimal errors in high-risk and high-hazard industries, 
often operating under unpredictable conditions. An explosion of activity has been 
experienced in application and research associated with the HRO theory, and a 
growing number of other industries and sectors in society, e.g., health care sys-
tems, are showing interest in adopting its principles (e.g., Sutcliffe 2011; Veazie 
et al. 2019; Cantu et al. 2020).

The HRO theory is, however, also challenged, i.e., claiming a system can be 
reliable but unsafe or safe but unreliable suggests that safety and reliability are 
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different properties (Leveson 2011).The traditional way of modeling causations, 
based on a linear approach is questioned, i.e., accidents are viewed in terms of 
multiple events and active failures sequenced as a forward chain over time, pen-
etrating the defenses-in-depth, based on root causes and failure events (Reason 
2016; Leveson  2011). Such event-chain models are viewed as inadequate for 
analyzing system accidents and systemic risks involving the entire sociotechni-
cal system, deeply influenced by organizational and human factors (Rasmussen 
1997). Systemic risks appear, due to the interaction taking place between the 
multiple stakeholders defining the system and are deeply interconnected, which 
means they cannot be managed through the actions of a single sector (Interna-
tional Risk Governance Council [IRGC] 2017). Instead, the management of sys-
temic risks requires the involvement of different stakeholders, including govern-
ments, industry, academia, and members of civil society, as they are embedded in 
the larger context of societal, financial, and economic change. In the recognition 
that accidents occur due to a combination of unexpected conditions – the con-
currence of two (or more) events happening at the same time and affecting each 
other – complex systemic models have gained attention (Hollnagel and Woods 
2006). For such models to be useful, they must be able to capture complex and 
tightly coupled sociotechnical systems that are controlled in an interface between 
humans and automated processes, driven by advanced technology and software-
intensive systems (Leveson et al. 2006).

STAMP One such model, STAMP, with its dynamic approach, provides a modern 
theoretical foundation for system safety, in which the various stakeholders and NGOs 
defining a system are identified in hierarchical safety control structures, recognized 
by its emergent properties (Leveson 2011). The core principle for maintaining system 
safety is the enforcement of established safety constraints, where causations are rec-
ognized in the interaction taking place between the various stakeholders, sectors, and 
actors making up each level of the system hierarchy (Leveson 2011). STAMP, moreo-
ver, models the interaction taking place between system development and system 
operation, recognizing that safe operations depend on sufficient transfer of informa-
tion, experience, and knowledge, not only between the levels in the hierarchy but also 
between system development and system operation; safe operations depend partly 
on planning, design, and developmental aspects and partly on operational aspects 
(Leveson 2011). Risk management in STAMP is viewed as a control problem, and 
unplanned events occur because of inadequate control or lack of enforcement of safety 
constraints (Leveson 2011). STAMP views the legislators, i.e., the IMO, at the top 
of the hierarchical system, facilitating and implementing conventions and regulations 
and constraining governmental bodies, recognized organizations, flag states and clas-
sification societies at the levels below. These stakeholders perform controlling activi-
ties (e.g., verification, audits, and certifications) at lower levels in the hierarchical 
system, represented by certified MET institutes, shipowners, and operators, with their 
management, engineers, and planners and, finally, the personnel assigned on ships 
operating worldwide. Proper control of established work processes, with adequate 
constraints ensuring correct behavior, function and interaction in the hierarchical sys-
tem, is of essence to manage risks in such systems (Leveson 2011; Rasmussen 1997).
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The Polar Code and Arctic shipping

Empirical data was gathered in document studies covering risk governance of ship-
ping in the Arctic region and the implementation of the Polar Code and the STCW 
Convention’s training requirements for seafarers operating in polar waters. A survey 
of scholarly sources was carried out, using databases found under the categories of 
science and technology, safety, economics, and planning, i.e., Scopus and Web of 
Science. In addition, cross-checking of the obtained data sources was performed in 
the multi-discipline database of Google Scholar, combining the search words: “Polar 
Code”, “STCW”, “Arctic shipping”, “Safety”, “Training”, and “Risk management”.

Data collection and analysis of the Canadian workshop

Interviews

Information was collected through individual interviews with the three persons 
responsible for developing the Canadian workshop, who also functioned as facilita-
tors and instructors during the event. In the initial design of the study, a request was 
forwarded to the contact person in the IMO for disclosure of the contact information 
of the participants in the Canadian workshop, to perform interviews, capturing the 
participants’ points of view and perceptions regarding the workshop’s objectives and 
learning outcomes. However, the Legal Division within the IMO stated that names 
and contact details of participants attending IMO events are confidential informa-
tion which cannot be disclosed to third parties, for reasons of privacy and the pro-
tection of individuals’ integrity. Therefore, the study design was changed to exam-
ine the development, conducting, and outcome of the Canadian capacity-building 
workshop, from the developers and instructors’ point of view. The interviews were 
performed during July 2020 via telephone, using a prepared interview guide, pro-
vided to the interviewees prior to the sessions. This interview guide contained ques-
tions concerning the establishment, development, performance, and outcomes of the 
workshop. The interviews, all lasting approximately one hour, were conducted in 
a semi-structured manner, allowing flexibility to explore spontaneous issues raised 
by the interviewees (Ryan et  al. 2009). Individual interviews represent the most 
common data collection strategy in qualitative research (Sandelowski 2002) and 
were selected as the method, enabling in-depth examination, to capture the experts’ 
knowledge and understanding of the studied topic (Jacobsen 2015; Labuschagne 
2003).

All the interviewees have years of experience in work regulated by the STCW 
Convention, both prior to and after the Polar Code implementation in 2017 and fol-
lowing the amendments to the STCW in 2018. Interviewee no. 1 has been work-
ing within the IMO for more than a decade and is employed as a technical officer 
in the maritime safety division and the training and human element section. This 
interviewee works with the STCW Convention and the training and certification of 
seafarers, including the new STCW Polar Code ice navigation model courses (basic 

46 E. Engtrø



1 3

and advanced). In their role as an IMO representative, this interviewee was respon-
sible for overseeing that the workshop was planned and executed according to IMO 
standards and the objectives set for the event; Interviewee no. 1 also participated in 
developing the course material and facilitated the workshop as it unfolded. Inter-
viewee no. 2 worked for years at sea (master mariner), mainly in the Arctic Ocean, 
and possesses years of experience in building and delivering maritime simulation 
training, including various IMO model courses. This interviewee participated as a 
representative for Transport Canada in the IMO, with the work of defining the new 
STCW training requirements that arose from the Polar Code. In connection with this 
work, the interviewee was engaged to develop and participate as main instructor in 
the first of four regional capacity-building workshops. Interviewee no. 3 also has 
years of experience in Arctic shipping (master mariner) and works as the director at 
the maritime simulation training center where the workshop took place. This inter-
viewee participated in developing the workshop material and facilitated as the event 
unfolded. The five-day capacity-building “train-the-trainer” workshop was held at a 
highly technological maritime simulation training center in Canada. This center had 
previously collaborated with the IMO, due to its extensive experience, stretching 
back two decades, in developing and providing ice navigation training courses (basic 
and advanced). These courses were used as basic examples during the development 
of the current basic and advanced Polar Code ice navigation training courses.

Additional data

The interviewee who acted as the main instructor in the workshop provided the 
handbook “Workshop Materials – Worked Examples” (pp. 71–110), covering the 
topics: regional regulations, basic operations, passage planning and advanced opera-
tions. This workbook contains references to regulatory documents and, for each of 
the named topics, provides: worked examples of open book exploration questions; 
job task analysis worksheets; table-top exercises; polar exercise briefing documents; 
and scenario creation worksheets. Additionally, this interviewee provided a video 
link (5 min and 34 s) showing a remote-control simulation session that was recorded 
after workshop completion at the same maritime simulation training center. The 
objectives of recording this session were to document and present to the IMO how 
online remote simulation training can be provided to maritime students who do not 
have access to MET centers providing highly technological simulation, by use of 
virtual communication systems.

The IMO model courses (6.09) Training course for instructors (International 
Maritime Organization [IMO] 2010) and (7.11) Basic and Advanced Training Ice 
Navigation in Polar Waters  were used as supporting material in the development of 
the interview guide. The 6.09 model course material has been designed to identify 
the basic entry requirements and trainee target group for each course in universally 
applicable terms, and to clearly specify the technical content and levels of knowl-
edge and skill necessary to meet the technical intent of IMO conventions and related 
recommendations (International Maritime Organization [IMO] 2010, p. 1).
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Analysis

In the interviews, this author addressed the following four areas of concern, assumed 
to be of high criticality for the performance and outcomes of the workshop: (1) com-
petence level of workshop developers, instructors, and participants; (2) suitability 
of learning plan and methods of teaching; (3) routines for workshop evaluation and 
documentation (4) and for the exchange of information and learning outcome to 
MET institutes after workshop completion. Moreover, the collected data has been 
analyzed utilizing thematic analysis, which is a widely used qualitative analytic 
method for identifying, analyzing, and reporting patterns and themes in data (Braun 
and Clarke 2006). Themes were identified using a theoretical approach, providing a 
detailed analysis of certain aspects of the collected data. The thematic analysis was 
conducted using the following steps: (1) familiarizing, by transcribing the data; (2) 
generating initial codes, by exploring features of interesting data across the entire 
data set; (3) collating the data relevant to each code in a systematic manner; (4) 
collating codes into potential themes and reviewing these themes, by checking the 
logical relationship to the coded extracts and the entire data set; (5) defining and 
naming the themes; and (6) final analysis of selected extracts (Braun and Clarke 
2006). Further, STAMP and the related STPA were used as methodologies to assess 
the workshop (See Results).

Governance and regulation of international ship operations 
in the Arctic

Regulating international ship operations is based on a global regulatory regime, 
built on international maritime conventions, established under the United Nations 
Convention on the Law of the Sea (UNCLOS). UNCLOS relies on international 
cooperation between intergovernmental organizations as a mechanism for the devel-
opment, establishment and implementation of new conventions and regulations. In 
this regard, “the competent international organization”, as referred to in UNCLOS 
– being the lead institution to address maritime matters – is interpreted to mean the 
IMO (Chircop 2017).

The international maritime organization – IMO

The IMO plays an instrumental role in generating maritime regulations, rules, 
standards, procedures and recommended practices governing international ship-
ping; it facilitates the national implementation of international instruments, promot-
ing frameworks and practices for cooperation between maritime administrations 
and the industry (Chircop 2017; Hebbar et al. 2020). The institutional structure of 
the IMO consists of the Assembly, Council, Secretariat and specialized commit-
tees and sub-committees, responsible for keeping the regulatory framework of the 
IMO developed and maintained on a continuous basis. National delegations drive 
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committee work and formally make decisions, heavily influenced by the participa-
tion and involvement of other intergovernmental and non-governmental organiza-
tions (NGOs),1 encompassing a wide range of associations for industry, maritime 
labor, environmental protection, education and training, and various professions 
(Chircop 2017).

The international convention for the safety of life at sea – SOLAS

The most important of all international treaties concerning the safety of merchant 
ships is reckoned to be the International Convention for the Safety of Life at Sea 
(SOLAS) (International Maritime Organization [IMO] 2001). The first version was 
adopted in 1914, in response to the Titanic disaster, later updated and amended on 
numerous occasions. The main objective of the SOLAS Convention is to specify 
minimum standards for the construction, equipment, and operation of ships, compat-
ible with their safety.

The international code for ships operating in polar waters – polar code

The implementation of the Polar Code was the first international mandatory reg-
ulation addressing risks present in polar waters and not adequately mitigated by 
other instruments of the IMO, regarding the design and construction of ships and 
equipment, operational conditions, voyage planning, manning, and training, and the 
protection of the environment (International Maritime Organization [IMO] 2017). 
The geographical area of application for the Polar Code in the Arctic Ocean is seen 
below in Fig. 1.

The Polar Code constitutes a continuation of existing regulations, made manda-
tory under SOLAS, the STCW Convention, and the International Convention for the 
Prevention of Pollution from Ships (MARPOL), applicable to all waters and provid-
ing mandatory safety and environmental provisions for ships operating in defined 
geographical areas around the South and North Poles (International Maritime 
Organization [IMO] 2017). Ships’ systems and equipment addressed in the Polar 
Code shall satisfy at least the same performance standards as those referred to in 
the SOLAS Convention (International Maritime Organization [IMO] 2017), and in 
this way a standardized minimum of expectations is established for merchant ships 
for the provision of safety measures for maritime design, equipment, systems, and 
operations in polar waters.

1 During the development of the Polar Code, stakeholders representing various NGOs actively partici-
pated in the discourse and deliberations concerning the regulation’s provisions and requirements, e.g., 
the adoption of the Requirements Concerning Polar Class carried out by the International Association of 
Classification Societies (IACS), now forming the basis for the Polar Code’s mandatory provisions con-
cerning polar class (Chircop 2017).
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The polar code “Toolbox”

The Polar Code is not a stand-alone regulation but must be regarded in the context 
of the related IMO instruments and other instruments of international law, in addi-
tion to applicable national regulations, depending on the areas of operation (Chir-
cop 2017). First, in order to establish procedures and operational limitations for a 
ship and, accordingly, the issuance of the PSC, an operational assessment of the ship 
and its equipment is required, taking into account the anticipated range of operating 
conditions and hazards the ship may encounter in polar waters (International Mari-
time Organization [IMO] 2017). Ten sources of hazards are listed in the Polar Code 
that shall be addressed in the operational assessment; of relevance in this paper is 
the potential lack of ship crew experience in polar operations, with the potential for 
human error. Additionally, the issuance of the PSC relies on an assessment of the 
ship’s operational limitations in ice, with reference to methodologies for assess-
ing operational capabilities and limitations in ice and the Polar Operational Limit 
Assessment Risk Indexing System (POLARIS) (International Maritime Organi-
zation [IMO] 2016). Moreover, the Polar Code requires that information on ship-
specific capabilities and limitations in relation to the aforementioned operational 
assessment shall be included in the Polar Water Operational Manual (PWOM), to 
be carried on board the ship on voyage (International Maritime Organization [IMO] 
2017). The purpose of the PWOM is to provide the owner, operator, master, and 

Fig. 1  The maximum geographical extent of the Polar Code’s area of application in the Arctic (Interna-
tional Maritime Organization [IMO] 2017)
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crew with sufficient information regarding the ship’s operational capabilities and 
limitations, to support their decision-making process.

The international convention on standards of training, certification 
and watchkeeping – STCW 

Chapter  12 of the Polar Code contains provision on manning and training, with 
a goal to ensure that ships operating in polar waters are appropriately manned by 
adequately qualified, trained and experienced personnel. In order to achieve that 
goal, companies must ensure that masters, chief mates and officers in charge of a 
navigational watch on board ships with a PSC, operating in polar waters, have com-
pleted appropriate training, taking into account the related provisions in the STCW 
Convention. In conjunction with the work of implementing the Polar Code, in 2016, 
the Maritime Safety Committee (MSC) of the IMO adopted mandatory minimum 
requirements for the training and qualifications of masters and deck officers on ships 
operating in polar waters. These became mandatory under the STCW Convention 
from 1 July 2018, as Amendments to the Regulations on qualifications and certifi-
cates for seafarers (Norwegian Maritime Authorities [NMA] 2018).

The 1978 STCW Convention was the first IMO regulation to consider the 
human element’s contribution to safety at sea, establishing basic requirements 
for training, certification and watchkeeping for seafarers on an international level 
(International Maritime Organization [IMO], n.d.a; Hagerupsen 2019). In 1995, 
the STCW Convention underwent a major revision and was amended in response 
to a recognized need to bring it up to date and to respond to critics who pointed 
out vague or unclear requirements, which resulted in different interpretations of 
the regulation (International Maritime Organization [IMO], n.d.a). The STCW-95 
Convention provided more detailed requirements for minimum standards of com-
petencies for seafarers, essentially requiring students to demonstrate their com-
petence to prescribed standards (Ghosh 2017). The focus shifted from being a 
knowledge-based Convention, comprising a syllabus for qualifying examinations, 
to providing requirements of skills and abilities necessary to perform workplace 
tasks (Ghosh 2017).

The STCW Convention has contributed to building the capacity and education of 
seafarers, creating uniform standards at the global level to supplement national leg-
islation, and introducing relevant rules to enhance professionalism on board vessels, 
especially in situations where seafarers have been carrying out their jobs on board 
foreign flag vessels (Munari 2020). Many of the MET institutes use simulators and 
practical exercises for training and assessment in selected courses, developed to sat-
isfy the STCW Convention, which promotes the use of simulators in MET. How-
ever, it is important to consider that a seafarer’s competence is usually demonstrated 
only in oral or written exams (Castells et al. 2016). The use of decontextualized tra-
ditional assessment methods (e.g., multiple-choice questions, pen and paper testing, 
oral examinations) for most of the units of competence listed in the STCW Conven-
tion cannot be ignored (Ghosh 2017). In this regard, the Polar Code has been criti-
cized for being vague in some of its provisions (Todorov 2020) and for not providing 
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sufficient requirements for the manning and training of crews on ships operating in 
polar waters (Roach 2017). The STCW Convention’s training requirements, imple-
mented in 2018, for dedicated personnel in charge of a navigational watch on ships 
operating in polar waters, suggest various methods for demonstrating competence, 
defined as: approved in-service experience, approved ship experience and train-
ing, approved simulator training where appropriate, and approved specialist train-
ing (Lovdata 2018). However, a lack of harmonization between IMO member states 
regards the utilization of teaching methods in the training of seafarers is apparent 
(Castells et al. 2016; Evans et al. 2017).

Results

The methodology of the STAMP and its related STPA are used in the process of 
analyzing and assessing the collected data. STPA is a proactive method used to ana-
lyze complex processes and the interactions among system components, enabling 
hazards to be eliminated or controlled before accidents occur. A graphical represen-
tation of the four steps in the basic STPA (Leveson and Thomas 2018), which are 
applied in this analysis, is shown in Fig. 2.

Phase 1 – Defining the purpose of analysis

The Polar Code is applicable to SOLAS-certified ships operating in the Arctic and 
Antarctic regions that are passenger ships carrying more than 12 passengers or cargo 
ships with a gross tonnage of 500 or more, engaged in international voyages (Inter-
national Maritime Organization [IMO] 2001). The STCW Regulations regarding 
qualifications and certificates for seafarers and requirements for the completion of 
appropriate ice navigation training primarily involve training requirements for mas-
ters, chief mates, and officers in charge of a navigational watch on ships with PSC 

Fig. 2  Overview of the basic STPA method (Leveson and Thomas 2018)
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operating in open and other polar waters. This training shall be conducted at a MET 
institute offering an approved test, which shall be documented with an associated 
Certificate of Proficiency, basic or advanced (NMA 2018).

The IMO’s mission is to promote safe, secure, environmentally sound, efficient, 
and sustainable shipping through cooperation. This shall be accomplished by adopt-
ing the highest practicable standards of maritime safety and security, efficiency of 
navigation, and prevention and control of pollution from ships, as well as through 
consideration of the related legal matters and effective implementation of the IMO’s 
instruments, with a view to their universal and uniform application. The develop-
ment and conducting of the regional capacity-building “train-the-trainer” workshops 
is aligned with this mission, aiming to assist in the implementation of the Polar Code 
and the enhancement of the skills and competence of maritime instructors working 
at national training institutes. Failing its mission would represent a loss for the IMO, 
resulting in mismanagement and failure to achieve the objectives established for the 
workshop. The following four hazards, identified by this author, could compromise 
the objectives of the workshop, if safety constraints are not established (see Table 1, 
below).

Phase 2 – Modeling the control structure

The Canadian workshop, modeled in Fig. 3 below, shows the IMO at the top inter-
acting with the Government of Canada, represented by Transport Canada (Canadian 
flag state authority), previously mentioned as initiating and supporting the imple-
mentation of the Polar Code, both financially and by means of expert personnel, in 
the delivery of four regional capacity-building workshops. At the level below, the 
interaction between Transport Canada and the persons responsible for developing 
and conducting the workshop is modeled, where, e.g., instructions, guidelines, and 
IMO model courses control the development of the workshop, to ensure it meets 
its objectives. Moreover, the interaction between the workshop’s developers and 
instructors and its participants is modeled, constrained by, e.g., the training material 
developed for the event, the competence levels of the instructors and the techno-
logical facilities available, i.e., simulators. The participants provide feedback to the 
instructors regarding the workshop’s progress, in e.g., regularly performed debriefs 
and questionnaires, and in the delivery of training programs, highly influenced by 
the participants’ level of competence and experience with polar water operations.

Phases 3 and 4 – Identification of unsafe control actions and loss scenarios

The term “unsafe” refers to the hazards identified in STPA. These can include 
issues related to loss of human life or injury (traditional safety), but they can also 
be defined much more broadly to include other losses, like a mission loss and loss 
of performance (Leveson and Thomas 2018), as discussed in this paper. After the 
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Fig. 3  System safety modeling the governance and implementation of the capacity-building “train-the-
trainer” workshop ( adapted from Leveson 2011)
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unsafe control actions are defined,2 the loss scenarios can be identified, describing 
the causal factors that can lead to the unsafe control actions and to hazards, followed 
by a redefinition of the controlling constraints, summarized in Table 2.

Evaluation of the Canadian capacity‑building “train‑the‑trainer” workshop

Only in the last few years has the human dimension of ship operations gained some-
what more international attention; however, the general outlook in international 
lawmaking remains technical in nature (Kirchner 2018). Although this is also valid 
for the overwhelming part of the Polar Code, some chapters of the regulation cover 
the human dimension, e.g., voyage planning (Chapter 11) and manning and train-
ing (Chapter 12) (International Maritime Organization [IMO] 2017). The regional 
capacity-building “train-the-trainer” workshops aim to enhance the skills and com-
petence of maritime instructors, who provide this training, and the qualifications of 
dedicated personnel in charge of a navigational watch on PCS ships operating in 
polar waters. These regional workshops are approaching the human dimension, in 
an interface and combination with technology, using simulator training and practical 
exercises to address hazards and risks related to voyages and navigation in ice and 
the associated challenges when working in extreme and harsh polar conditions. 

Canada’s role in the implementation of the Polar Code and the regional 
capacity‑building “train‑the‑trainer” workshops

As part of the Polar Code implementation, the Government of Canada provided 
expertise and financial support, to develop and provide four regional capacity-
building “train-the-trainer” workshops, delivering training programs covering the 
new STCW Convention’s requirements applicable for polar water operations (Off-
shore Energy 2017). Transport Canada was, according to one of the interviewees, 
requested by the IMO to provide nominees, who nominated the maritime simulation 
training center where the Canadian workshop took place. This approach was taken, 
due to the center’s reputation for delivering world-class simulation technology and 
industry-driven expertise to solve simulation problems for maritime clientele, one 
interviewee explained.  With years of experience in developing and delivering ice 
navigation courses, even many years before the implementation of the Polar Code, 
the center had previously cooperated with the IMO in related matters.

Canada is one of the largest and most politically powerful Arctic states, with a 
long history of maritime activities in polar waters, mainly consisting of destina-
tion traffic to support northern communities and mining industries (Rothwell 2017; 
Goerlandt and Pelot 2020). Leveraging over 40 years of experience in the oversight 
of Arctic shipping, Canada played an instrumental role in the development of the 
Polar Code. This active engagement had great results for the final content of the 

2 The failure type, “control action stopped too soon or applied too long” (iv) (Leveson and Thomas 
2018), was found not to be relevant and is therefore omitted from the analysis.

58 E. Engtrø



1 3

regulation, which is significantly influenced by Canadian safety and environmental 
standards (Fraser  2020). From this perspective, the IMO’s approach of engaging 
Transport Canada to provide financial support and expertise in the deliverance of the 
regional capacity-building “train-the-trainer” workshops, which were developed and 
conducted by experts in related matters, is considered by this author as sufficient to 
ensure the continuation in supporting the implementation of the Polar Code.

Attendees at the Canadian workshop and requirements for attendance

Eleven participants from seven countries (Canada, The Bahamas, Chile, Denmark, 
Iceland, India, Jamaica) attended the five-day capacity-building “train-the-trainer” 
workshop in Canada in 2019, with representatives from flag state authorities and 
MET institutes. According to one of the interviewees, the aim was to include most 
IMO member states involved in navigation in polar waters, having seafarers operat-
ing in these parts of the world, with the technical cooperation’s department within 
the IMO choosing relevant countries. Around ten countries were requested to pro-
vide two attendees for the workshop, meaning that up to 80 participants potentially 
could attend if all four regional workshops were conducted.3 The Canadian work-
shop developers were not involved in the selection process of participants, but pre-
requisites for attendance were forwarded to the IMO. In general, the IMO invites 
member states to attend IMO seminars, by sending out a profile request for can-
didates. One interviewee pointed out that not all the countries have delegates with 
a profile matching these requests and that the candidates nominated are therefore 
accepted regardless. Based on their previous experiences with the flag states, this 
interviewee anticipated, in the planning of the workshop, that the prerequisites in 
many cases would not be used in the selection process of candidates. This inter-
viewee described the selection process as a much more random choice, e.g., a per-
son representing the administration who oversees training and approves a course 
provider’s submission for Polar Code and STCW Convention ice navigation training 
can be sent to such an event, to give them briefing and insights into related matters.

The aim and expectation of conducting the workshops – to assist flag state 
authorities and MET institutes in enhancing the skills and competence of maritime 
instructors – could be thwarted if many of the attendees are not qualified to attend 
the events. According to the interviewees, some of the attendees in the Canadian 
workshop had no experience either with polar water operations and ice navigation 
or in functioning as certified MET instructors in the subject. The increasing trend in 
Arctic shipping poses equal challenges and risks of having seafarers used to voyages 
in e.g., the Mediterranean or Indian Ocean, suddenly finding themselves operating 
in polar waters, with no previous experience or knowledge about the implications 
and hazards associated with shipping in these parts of the world. The institutional 
and individual knowledge concerning risks and hazards related to shipping in the 
Arctic Ocean remains limited, and even if technology can aid in gathering basic 

3 The currently imposed travel restrictions (COVID-19) have put the implementation of the two remain-
ing workshops, planned to be conducted in the Republic of Korea and the Russian Federation, on hold.
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hydrographical information, weather and wave data etc., the human dimension 
should not be underestimated (Kirchner 2018).

Methods of teaching used in the Canadian workshop

The new situation of increasing shipping in the Arctic Region requires sufficient 
preparation of ships and equipment, as well as of the human element, which is 
where training can be one important aspect of preparing seafarers for polar voyages 
(Kirchner 2018). The establishment of regional capacity-building “train-the-trainer” 
workshops, covering the topic of ice navigation in polar waters, aims to standard-
ize this training provided to seafarers operating in the Arctic and Antarctic Oceans. 
The development and preparation of work documents and material for the Canadian 
workshop took place during a six-month period, with correspondence and commu-
nication going back and forth between the developers, Transport Canada and the 
IMO, as regards, e.g., objectives, content, learning plan and expected outcomes of 
the event. Based on previous experience related to flag states affairs, one interviewee 
explained that it was anticipated that the attendees would be a blend of recently 
experienced and highly experienced persons, in addition to those with no experi-
ence, either as MET instructors or in polar water operations. Therefore, the philoso-
phy guiding the development of the learning plan was that, in a week-long period, 
a person with zero experience could not reach the level of not only being advanced 
but able to instruct at an advanced level. The aim became to demonstrate how to 
develop ice navigation courses, focusing on what we do, how we do what we do, and 
how we assess the participants, as it was expressed by one of the interviewees, and 
that “death by PowerPoint presentations” is not an effective way of delivering these 
courses.

The main priority was for the various methods of teaching to be useful in the 
delivery of ice navigation training, rather than focusing on the specific topics and 
risks associated with ship operations in polar waters. The workshop was structured 
around practicing skills and competence, with the objective of getting the partici-
pants to gain an understanding of the possible achievement, by utilizing practical 
exercises in the delivery of ice navigation training, even if the requirements in the 
STCW Convention can be interpreted in terms of a theoretical approach using lec-
tures, as pointed out by one of the interviewees. If the workshop only turned into 
a lecture piece, with barely any practical elements, it would not be beneficial and 
in accordance with the objectives established for the event, this interviewee con-
tinued. Therefore, more than half of the workshop consisted of exercises or other 
activities, in which the participants were doing things, such as creating lesson 
plans, designing curriculums, discussing strategies, performing tabletop exercises 
and risk assessments, with the simulator exercise being the finale part of each ses-
sion. This approach was selected, this interviewee explained, to get participants 
to see and experience the merit of not trying to carry out the Polar Code training 
only through lectures and PowerPoint presentations. Additionally, as pointed out by 
this interviewee, this approach could highlight weaknesses concerning the STCW 
Convention’s lack of requirements for practical training in the delivery of courses 
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concerning ice navigation. The existing STCW regimes are questioned in this con-
text, as they mostly define skills required by the seafarers, and there is no guaran-
tee that these skills will prepare seafarers for ship operations in Arctic or Antarctic 
waters (Kirchner 2018). The development and implementation of practical training 
requirements for seafarers operating in polar waters should be considered applicable 
– not only exclusively to masters, chief mates, and officers in charge of a naviga-
tional watch but also to the additional crew members assigned to PSC ships (Chaure 
and Gudmestad 2020).

Improving Polar Code training through the establishment of regional 
capacity‑building “train‑the‑trainer” workshops

During the Canadian capacity-building “train-the-trainer” workshop, the par-
ticipants were engaged to share their opinions during the training sessions, one 
interviewee explained, in addition to the daily “hot wash” (immediate after-
action) debriefs, where the participants shared their experiences. Additionally, 
the IMO had sessions at the end of the workshop, in which feedback was gath-
ered from the participants through questionnaires. Moreover, this interviewee 
reported, a daily debrief was conducted between the workshop instructors 
and the IMO representatives present at the event; these were documented and 
included in the instructor’s consultant report. The delivery of a consultant report 
after such an event is a standardized IMO process, this interviewee explained, 
with a report being produced by the consultant(s) responsible for conducting the 
event, containing, e.g., descriptions of performed exercises, practices and feed-
back from the participants.

Participants attending the Canadian workshop desired more practical training 
and discussions and less lecturing; however, more lectures covering ice recogni-
tion were requested. Specifically, participants wanted explicit pointers on how to 
teach this matter. One interviewee explained that, generally, the ice recognition 
module does not need to be elaborated in the same manner as was required in the 
Canadian workshop, where participants had no experience in polar water opera-
tions or in functioning as MET instructors. The Canadian workshop was consid-
ered a pilot to gain experience, leading to some adjustments before the second 
workshop was conducted in Chile (November 2019). One of the main improve-
ment points was to provide certain basic knowledge and information for person-
nel with no experience of polar water operations, as regards ice recognition and 
identification of the different conditions of ice during the year. These and other 
findings from the workshop should be taken into consideration going forward, 
when conducting the remaining workshops, and in future work in developing and 
establishing new guidelines specifying practical training requirements for seafar-
ers operating in polar waters.

The Polar Code has been criticized for its significant vagueness in some pro-
visions, opening the way for compliance with its functional requirements and 
overall goals to be interpreted in a variety of ways by administrations and clas-
sification societies (Todorov 2020). Further, the practical approach towards 

61A discussion on the implementation of the Polar Code and the…



1 3

training and educating maritime students in ice recognition and identification 
is a challenging task, especially if the students do not have any experience with 
cold climate conditions and ice, described as an impossible task by one of the 
interviewees. Considering that ice and human error are the two main factors 
of risk occurrence related to ship accidents (collisions, stuck in ice / drift, or 
sinking and death) in the Arctic, this emphasizes the importance of training and 
experience in polar water operations (Fedi et  al. 2020). The establishment of 
the regional capacity-building “train-the-trainer” workshops, covering the topic 
with a practical approach, is therefore considered, by this author, a valuable tool 
to enhance the competence, skills and knowledge of the instructors who provide 
the Polar Code training.

Enhancing the Polar Code training requirements by exchanging information 
and experiences gathered from the regional capacity‑building “train‑the‑trainer” 
workshops

After the Canadian capacity-building “train-the-trainer” workshop was con-
ducted, feedback and learning outcomes acquired during the event were included 
in the consultant’s report and handed over to the IMO. One of the interview-
ees assumed that this report would only be filed and not used, unless the IMO 
decided to run a similar workshop at a later stage. According to the interview-
ees, the task of, and responsibility for, exchanging course material and expe-
riences acquired in the workshop with the respective flag state authorities and 
MET institutes are placed on the workshop’s participants. This manner of 
exchanging information was one of the purposes of the workshops, one inter-
viewee explained, assuming that, if course material or other information was 
distributed by mail only, this would not be prioritized by the recipients. There-
fore, the preference for the workshops is to have two attendees representing one 
member state and, hopefully, as this interviewee expressed it, these participants 
will bring back and implement what they have learned.

Shipping in polar areas requires special knowledge, skills and experience pos-
sessed by a relatively small number of professionals; the lack of clarity in defin-
ing the specific skills required of a master and crew operating in polar waters 
could pose a significant risk to navigation safety (Todorov 2020). Building 
awareness amongst MET institutes and instructors regards the applicability of 
implemented policies and regulations is the first step towards effective imple-
mentation, and it is of importance that all academic staff of MET institutions 
are encouraged to have good knowledge of the related matter, for effective train-
ing and compliance with the applicable regulations (Evans et al. 2017). The aim 
of the regional capacity-building “train-the-trainer” workshop – to enhance the 
skills and competence of MET instructors providing ice navigation training, 
according to the Polar Code and the STCW Convention  – could be jeopardized 
by relying on non-systematic methods of exchanging experiences and learning 
outcomes from the events.
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Final Discussion and Conclusion

Adopting and amending international maritime treaties, conventions and regula-
tions is demanding work, and the IMO has been criticized for either not managing 
to bring new ones into force in a timely manner (Chircop 2017), e.g., the Polar 
Code’s development and implementation took more than 25  years, or, when in 
force, not being able to achieve compliance by various stakeholders. In the effort 
to address this problem, the IMO established the sub-committee on Implementa-
tion of IMO Instruments (III) (ibid., 2017), which could be a compatible divi-
sion within the IMO for addressing concerns regarding the harmonization of the 
Polar Code and the STCW Convention’s training requirements for seafarers oper-
ating in polar waters. However, the primary responsibility for exercising control 
over ships rests with the flag state authorities. According to UNCLOS (Art. 94), 
every state shall effectively exercise its jurisdiction and control over ships flying 
its flag and take necessary measures to ensure safety at sea, regarding, e.g., the 
construction, equipment and seaworthiness of ships, the manning and labor con-
ditions, and the training of crew members, according to the applicable regulations 
and requirements in the operating areas (Todorov 2020). Port states may initi-
ate controls and check whether the seafarers’ certificates are valid; whether the 
manning and qualifications of the crew members comply with the safe manning 
requirements; and whether the crew is trained according to the Polar Code and 
the STCW Convention’s requirements for ice navigation in polar waters (Bai and 
Wang 2019). However, port state controls will be limited and can only determine 
whether ships have valid documents and whether the standards of the ships and 
the crew members conform with the information provided in the PSC (Todorov 
2020). In addition, the Polar Code does not provide reliable tools to monitor 
compliance, and the issuing of the PSC is no guarantee that either the ship or 
the crew’s composition and qualifications are in compliance at any given point 
in time (Fedi et al. 2018). The control to ensure seaworthiness of ships and their 
crew members is further complicated by the fact that, if only a few port states 
carry out strict inspections, the number of ships calling at their port will inevita-
bly decrease, favoring more lax neighbor states (Bai and Wang 2019).

This author considers the Canadian involvement to be adequate, as the first 
regional capacity-building “train-the-trainer” workshop was developed and con-
ducted by highly competent and experienced persons, with extensive knowledge 
and skills to teach in the relevant topics. However, some concerns regarding the 
workshop are raised, namely, some of the attendees’ lack of relevant qualifica-
tions and, especially, the delegation to the workshop’s participants, of the respon-
sibility to exchange and transfer experiences and learning outcomes from the 
event back to national MET institutes and flag states authorities. The first issue, 
participants who are not qualified to attend the workshop, will limit the goal of 
reaching out to as many qualified MET ice navigation instructors as possible dur-
ing these events. Regarding the second issue, delegating the responsibility to the 
workshop’s participants for the transfer of experiences and learning outcomes 
back to relevant stakeholders is considered a weak and unreliable way of sharing 
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information within the maritime system. This means of interacting cannot be con-
trolled or assessed in a satisfactory manner, to ensure compliance with the goals 
established for the workshop. Achieving safety performance in a dynamic system 
and maintaining a satisfactory safety level over periods of time must be enforced 
by reliable audits and other reporting tools, ensuring feedback to the system 
developers about necessary barriers and safety constraints (Hale et al. 2006). In 
this case, feedback to the legislators was provided after completion of the Cana-
dian capacity-building “train-the-trainer” workshop; however, an inadequacy is 
pointed out concerning poor control over the transfer and exchange of experi-
ences and outcomes from the legislators and back to relevant stakeholders in the 
system. Proper information channels and control actions from the IMO to flag 
state authorities and national MET institutes should be established, to ensure that 
the majority of relevant stakeholders receive and benefit from the experiences and 
learning outcomes acquired during the workshops.

In this regard, the STAMP methodology is considered by this author to be a use-
ful tool to identify the maritime system and the stakeholders operating within it. 
The model helps to explore both established and lack of constraints, affecting the 
interaction between the various stakeholders participating in the implementation of 
the Polar Code and the STCW Convention’s training requirements for polar water 
operations. Safe shipping in these areas relies on stakeholders in the maritime sys-
tem being aware of and complying with established constraints in a satisfactory 
manner, in this context awareness of and compliance with applicable regulations and 
requirements for polar water operations. However, the controls and constraints to 
ensure that PSC ships are manned with qualified, experienced and skilled personnel 
for polar voyages are questioned, especially since the responsibility for interpreting 
the functionally based Polar Code is delegated to the decision makers. The criticism 
raised by one interviewee, regarding lack of practical training requirements in the 
STCW Convention, therefore seems legitimate, pointing out that the Polar Code ice 
navigation courses can be conducted by means of classroom-lectures alone.
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