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Executive summary 
Knowledge of potential future trends for the Arctic situation and activities conducted in the 
region are critical to ensure that the SEDNA safety solutions are fit for the future. In the 
present report, a horizon scanning method has been used to understand and present these 
potential future trends.  

In broader terms, the aim of horizon scanning is to identify emerging issues and prioritise 
these for decision making. Methods of horizon scanning employed here are desk research, 
expert opinions, and scenario planning.  
 
For a set of key Arctic related issues, ranging from demographics, governance and resource 
availability to shipping infrastructure, the current status is provided and then potential short-
term future trends established.  
 
SEDNA ‘what if’ scenarios for the future of Arctic shipping are then identified and these are 
now being used to inform ongoing research for the further advancement of SEDNA 
technologies. As such, particular focus is given on the development and / or optimisation of 
tactical navigation and route selection systems and de-icing solutions, as well as to the 
provision of increased awareness about accident related risks to the Arctic environment.   
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Preface 
The Arctic is changing rapidly as the global climate warms. In the late 20th and early 21st 
century, summer transits through sailing routes across the Russian, Canadian and the US 
coastline were accomplished, raising the prospects of viable commercial Arctic sea routes as 
the sea ice declines. Aside from shortening the voyage between the Pacific and the Atlantic, 
the Arctic Ocean is also estimated to hold approximately 20% of the world’s undiscovered oil 
& gas, along with large hard mineral deposits and abundant fish stocks. The West coast of 
Greenland, Iceland and Norway, have also been recently identified by the Arctic Council’s 
Artic Marine Shipping Assessment as popular cruise destinations. In addition to transits, 
much of the future shipping in the Arctic is therefore expected to be associated with resource 
extraction and transportation, and tourism. 

However, this increased commercial focus on the Arctic region entails uncertainty. The area 
is ecologically sensitive and the maritime infrastructure is underdeveloped compared with 
other regions. The system of governance is not yet fully established and this presents the 
prospect of unsafe and ecologically damaging activities which could in turn shift public 
opinion against commercial development and hamper future growth in the region.  

The present report has established a link between future trends in Arctic shipping and 
SEDNA technologies undergoing development in the other work packages. A horizon 
scanning method, [1] and [2], was initially used to understand potential future trends and 
then those trends were, in turn used to ensure that the SEDNA safety solutions are fit for the 
future. Specifically, during a project meeting conducted in Helsinki, in October 2018, ‘what 
if’ scenarios were presented to inform the project participants on the future trends identified. 
In light of these scenarios / findings the research pathway of the SEDNA: 1. forecast 
products, 2. knowledge (data) base, 3. voyage planning tool, 4. AR, 5. risk-based framework, 
6. anti-icing solutions and 6. regulatory framework was further aligned with future 
projections for Arctic shipping.            

In the remainder, a review of the existing literature is presented first. A variety of sources 
was considered, including scientific and media articles, and books. The review timeline 
connects the history of the Arctic region to its present, while through references to published 
scientific forecasts, signed and / or announced commercial and regulatory agreements and 
recent incidents, links to projections of plausible futures and their driving forces. 

The opinions of experts were then sought, in order to avoid a simple extrapolation of past 
and current developments into the future, and to challenge the influence of assumptions 
inherent in the prediction of future trends, e.g. [3]. An online survey was developed to collect 
expert opinions. The survey covers three subject areas: Arctic Climate Chance, Arctic Trade, 
and Arctic Resources. These areas were identified in the literature review as the main forces 
with the ability to drive future development in the Arctic. Each subject area was represented 
in the survey by a questionnaire. All three questionnaires were developed using the outputs 
of the desk research and the outcomes of a workshop dedicated to the future of Arctic 
shipping (the workshop was hosted by the National Maritime College of Ireland, Cork, 
Ireland in June 2018, https://www.sedna-project.eu/events/the-future-of-arctic-shipping/). 
Additional feedback and input to the questions of each questionnaire was received from 
members of the SEDNA scientific and advisory committees. The contributions of Nicolas 
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Fournier, Met Office, and Robert Tustin, Lloyd's Register, in helping to develop the 
questions are particularly acknowledged.  

Invitations to participate to the survey were sent to a wide range of international 
organisations, working groups, think tanks, operators and companies active in the Arctic 
region. In addition to the group invitations, personal invitations were sent to more than 150 
individuals identified either in the existing literature or suggested by members of SEDNA. A 
copy of the questionnaires is attached to the end of this report, while the survey results are 
presented after the literature review. Prior to be publicly released, all questionnaires have 
been checked and they have been ethically approached by the UCL Research Ethics 
Committee; Project ID/Title, 13881/001, SEDNA: Safe maritime operations under extreme 
conditions; the Arctic case.  

Finally, the scenarios for the future trends of Arctic shipping are outlined. Scenario planning 
is conducted following an intuitive logics approach tailored to the requirements of the 
specific project. The intuitive logics approach	is	perhaps the most popular scenario 
development method, which is focussed on developing multiple scenarios rather than a 
single idealised future scenario, see for example [4]. The scenario planning process spans the 
full duration of the SEDNA project, including the early development stages of the project 
proposal. In particular, the agenda in terms of timescale (the year 2050) and issue of concern 
(maritime activity in the Arctic) was set during the proposal development stages. As 
mentioned earlier, future trend scenarios are used to aid research and technology 
development within SEDNA but, vice versa, SEDNA developments are also used to update 
the scenarios. A dynamic relationship is therefore established to ensure the continuous 
update of this report throughout the project’s duration.    
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Future trends: 
Status  

a. The Arctic: Definition  

Located at the northernmost part of the planet, the Arctic owes its name to the ‘Great’ and 
‘Little Bear’ otherwise known as Ursa Major and Minor, the prominent constellations of the 
celestial sphere’s northern portion. The word Arctic is derived from the Greek word ἀρκτικός 
used to describe those living ‘near the Bear, northern’. 

The Artic region consists of a land-bounded large ocean surrounding the North Pole. The sun 
rises and sets over the North Pole only once each year, therefore creating a calendar with six 
continuous daylight months and six months of continuous night. The US, National Snow & 
Ice Data Center (NSIDC) provides three definitions of what constitutes the Arctic region; the 
Arctic Circle, the 10o Celsius isotherm, and the arctic tree line, Figure 1.  

Delineated with blue in the map below, the Arctic Circle marks the latitude above which the 
sun does not set on the summer solstice and does not rise on the winter solstice. Shown on 
all maps of Earth, the Arctic Circle is the most northerly of the five major circles and passes 
through the Arctic Ocean,	the Scandinavian Peninsula, North Asia, Northern America and 
Greenland. The Circle is approx. 16,000 kilometres and includes about 4% of the planet’s 
surface or 20,000,000 km2. It runs at approx. 66° 34' N, albeit its latitude depends on the 
Earth’s axial tilt and thus it is not fixed over time. The 10o Celsius isotherm, with red in 
Figure 1, outlines high altitude locations where the daily summer temperature does not 
exceed the 10oC limit. Also in Figure 1 but with green, the arctic tree line borders a frozen 
landscape, dotted with shrubs and lichens and defined as the northern limit of upright tree 
growth.  

The Arctic Ocean occupies the largest part of the Arctic region spanning an area of 
15,558,000 km2, about 3% of the Earth’s total surface area. The smallest of Earth’s five 
oceans connects to the Atlantic Ocean through the Labrador Sea and the Greenland Sea, and 
to the Pacific Ocean through the Bering Strait. Baffin Bay, Barents Sea, Beaufort Sea, 
Chukchi Sea, East Siberian Sea, Greenland Sea, Hudson Bay, Hudson Straight, Kara Sea, and 
Laptev Sea, are all accounted as parts of the Arctic Ocean, Figure 2.  

Its seafloor is subdivided by three parallel ridges, the Nansen-Gakkel Ridge (also known as 
Arctic Mid-Ocean Ridge), the Lomonosov Ridge, and the Alpha Ridge, Figure 2. Three 
abyssal plains with depths in excess of -3,500m spread between the ridges, the Pole Abyssal 
Plain, the Fletcher and Wrangel Abyssal Plain and the Canada Abyssal Plain. Beyond the 
Abyssal plains, however, bathymetry reduces sharply with distance from the shoreline, 
Figure 3.       
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Figure 1: Map of Arctic boundary definitions. Source: http://polardiscovery.whoi.edu/arctic/geography-en.html 
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Figure 2: Bathymetric map of the Arctic Ocean.  Source: 

https://www.ngdc.noaa.gov/mgg/bathymetry/arctic/currentmap.html 

Figure 3: Location map of the Arctic Ocean region. The black line is the presently active seafloor spreading ridge 
in the North Atlantic and Eurasia Basin. Source: PLATES Project—The University of Texas Institute for 

Geophysics GMT software (Wessel and Smith, 1991). https://www.nap.edu/read/9215/chapter/3#8 
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b. Arctic Demographics 

The Arctic is inhabited by approximately 4.2m people spread across the eight Arctic 
countries, Norway, Sweden, Finland, Russia, USA, Canada, Iceland and Denmark 
(Greenland). Nearly half of the population lives in the Russian Arctic, about 30% lives in the 
European Arctic and the remaining 20% in the American Arctic, Figure 4.  

Arctic inhabitants occupy mostly coastal areas bordering the Arctic Ocean; all permanent 
settlements located below 78o North latitude. The overwhelming majority of communities 
with more than 20,000 inhabitants are situated in the Russian Arctic making the Russia the 
centre of economic gravity for the Arctic Region, Figure 5. Nevertheless, the limited 
population extent of Arctic communities entails a strong sensitivity to migration induced 
changes. Presently, indigenous people account only for 10% of the total population. This is 
mostly due to immigrants moving into the Arctic during the 20th century, attracted mostly by 
employment opportunities in the extraction and processing of natural resources. 

According to the second Arctic Human Development Report, [5], the population of the 
Canadian Arctic, Alaska and Iceland has increased since 2000 with a rate higher than the 
global rate. A moderate decline was observed for the Swedish and Finish Arctic population, 
while the Norwegian Arctic population remained stable. In contrast, the Russian Arctic 
population declined considerably to result in a slight reduction of the overall Arctic 
population in 2011 when compared with the data available for 2000. 

The Russian Arctic is a characteristic example of how economic activity affects local 
population numbers. Following the contraction of economic growth in the post-Soviet era 
the population of several Russian Arctic cities reduced by more than 20% in the 2000s. In 
contrast, the population of Yamal-Nenets Okrug increased by 10%. This growth was the 
combined outcome of natural increase – the birth rate of the indigenous people was higher 
than the national rate – and economically driven in-migration; more than 90% and 12% of 
Russia’s natural gas and oil is produced at Yamalo-Nenetsky Okrug.  In-migration, not only 
contributes to the direct increase of the population but it also helps maintain or even 
enhance the high birth rates through the development of a local society with an age structure 
younger than the national mean.  

In the future: By 2030 the total Russian Arctic population is projected to retreat further, 
Figure 6. An increase is projected for Alaska, the Canadian and Norwegian Arctic, and 
Iceland, while nearly no changes are predicted for the populations of Greenland, the Faroe 
Islands, Norbotten and Lappi. In summary, population increases projected for some Arctic 
areas are offset by decrease projections for other areas and thus the overall Arctic population 
is not expected to increased significantly until the year 2030.   

The importance of the Arctic population, however, is counter proportional to its size. In fact, 
considerations about the negative effects of pollutants produced elsewhere to the wellbeing 
of the people living in the Artic has already created important international agreements like 
the Stockholm Convention on Persistent Organic Pollutants, [6].  
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Figure 5: Map of Arctic settlements with population equal or higher than 20,000. Source: 
http://benmuse.typepad.com/arctic_economics/2008/08/at-arctics-economic-center-of-gravity.html 

Figure 4: Projected changes in Arctic population for the period between 2010 and 2030. Source: Arctic Human 
Development report, [5]. 
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c. Arctic Legal Framework  

The four pillars of Arctic law: The complex legal framework in the Arctic is categorised 
by [7] as consisting of four pillars: hard law, soft law, domestic law, and transboundary 
private law. 

 The first of these pillars, hard law, are those legally binding obligations put into law through 
treaties and implied through customary law. These treaties generally have ‘binding dispute 
settlement mechanisms or mandated fora where states may register complaints, [7], 
although some treaties that do not have these provisions have also been characterised as 
hard law. The most well-known of the treaties regulating marine activity in the Arctic is the 
United Nations Convention on the Law of the Sea (UNCLOS) which is ratified by all Arctic 
states except the USA, where it is treated as customary law. UNCLOS codifies states' 
navigational rights and rights over natural resources located in the oceans and on the seabed.  

Some hard law instruments that indirectly relate to the Arctic are the Montreal Protocol on 
Substances that deplete the Ozone Layer, and the U.N. Convention on Climate Change. Two 
Arctic Council agreements are also considered, by virtue of their wording, to be hard law 
instruments: the 2011 Agreement on Cooperation on Aeronautical and Maritime Search and 

Figure 2: Human population in the Arctic Circle. Source, http://russiancouncil.ru/en/analytics-and-
comments/analytics/nato-and-a-new-agenda-for-the-arctic/ 
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Rescue in the Arctic (SAR agreement), and the 2013 Agreement on Cooperation on Marine 
Oil Pollution Preparedness and Response in the Arctic. These two latter agreements, 
however, do not contain binding dispute settlement mechanisms. Recently, the Polar Code 
became mandatory under both SOLAS and MARPOL, and relates to both the construction 
and manning of vessels visiting the Polar regions. 

The second pillar, soft law, is made up of international norms that are not legally binding, 
but instead bind states in a moral or political way. Some of the benefits of soft law are that it 
can be innovative and is able to quickly adapt to changing circumstances, is open to 
compromise so that potentially conflicting national circumstances need not be forced into a 
single text, and it allows non-state actors to play a role in the decision-making process. The 
Arctic Council is an example of a soft law body, and the 1996 Ottawa Declaration that 
established the Council is an example of soft law, along with the guidelines published by the 
Council such as the 2009 Arctic Offshore Oil and Gas Guidelines.  

The third of the legal pillars is domestic law. This relates to the laws in the individual Arctic 
states. This area of Arctic law is broad, as it involves the varied legal systems of the 8 Arctic 
states – Russia, Canada, U.S.A., Iceland, Norway, Denmark (Greenland), Sweden, and 
Finland. Many of the domestic laws relevant to Arctic marine activity relate to resource 
extraction given the large resource deposits in the region. 

The fourth and final pillar, transboundary private law, is growing in importance as 
commercial activity in the Arctic increases. There are two legal traditions that private law is 
subject to: civil and common law. Civil law judges can only apply rules written by legislators, 
whereas common law judges rely on precedent and their decisions can modify the rules. This 
makes transboundary private law rather complex. For example, if a commercial agreement is 
created in a jurisdiction employing one legal tradition, there can be issues when exported to 
another jurisdiction that does not employ the same legal tradition. As with domestic law, this 
is a complex area and not to be covered in detail here, instead the next section will explain 
some of the hard and soft law arrangements that affect marine activity in the Arctic and 
provide some thoughts of how the governance of the region may develop. 

Sovereignty and rights under UNCLOS: The United Nations Convention on the Law of 
the Sea (UNCLOS) provides the set of rules that determine states’ sovereignty over the sea 
and seabed. It also determines what rights of passage there are through other states’ 
sovereign waters. As the Arctic is an area rich in resources and of great geopolitical 
significance, there has been, and still is dispute over what areas are the sovereign territory of 
various states, although in the 2008 Ilulissat declaration the Arctic Five accept that UNCLOS 
should be used as the basis of dispute settlement.  

UNCLOS divides the various bodies of water of the world’s oceans into 4 main categories: 
internal waters, territorial seas, contiguous zones, and exclusive economic zones. Each of 
these areas afford different rights to both the coastal state, and to foreign states wishing to 
use the waters. Particularly important for the resource rich Arctic region is the Exclusive 
Economic Zone (EEZ) in which a state can make use of the resources of the sea and seabed. 
This normally extends 200nm from the coast, although it can be extended in certain 
circumstances. Also, important if the Arctic is to become an international trade route, are the 
internal waters where states have more rights to regulate and prevent the passage of foreign 
vessels.  
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Sovereignty and rights of utilisation: Sovereignty refers to a state’s right to govern an 
area without external interference, under UNCLOS this extends to the territorial waters 
(12nm offshore), and to a lesser extent, the contiguous zone (24nm offshore). Rights of 
utilisation on the other hand extend to 200nm offshore but can be extended under Article 76 
if a state can prove that their continental shelf extends beyond the 200nm range. Canada, 
Denmark, and Russia have all claimed that the Lomonossov and Mendeleev ridges that 
extend to the North Pole are extensions of their continental shelves and they should be given 
rights of utilisation far outside their current 200nm EEZ. Figure 7 shows the various claims 
made under UNCLOS by the Arctic coastal states. Despite the potential for conflict over 
these disagreements, there has so far been no military deployments to strengthen claims and 
all involved states are working within the framework provided by UNCLOS, [8]. 

Under UNCLOS the various seas and waters of a state are normally measured from the low 
water mark, however, under Article 7(1), there is a provision for drawing the baselines more 
liberally and considering any sea enclosed by these baselines as internal waters, it is worded 
as follows: 

‘In localities where the coastline is deeply indented and cut into, or if there is a fringe of 
islands along the coast in its immediate vicinity, the method of straight baselines joining 
appropriate points may be employed in drawing the baseline from which the breadth of the 
territorial sea is measured.’ 

Any waters enclosed by these straight baselines become internal waters and therefore give 
the coastal state full sovereignty over them. Russia has used straight baselines to enclose 
several key straits of the Northern Sea Route, and Canada has done the same around the 
archipelagos that the Northwest Passage passes through. This gives both countries 
considerable control over ships wishing to operate in the Arctic. 

Under Article 234 of UNCLOS, coastal states may also impose additional regulation on ships 
within their EEZ to reduce the risk of pollution in ice covered waters. In particular, Article 
234 states that it applies to areas covered by ice for ‘most of the year.’ This implies that 
considerable ice coverage is required and a few icebergs would not qualify. With the Arctic 
climate rapidly warming, national regulations imposed under Article 234 could soon be 
unenforceable for much of the Arctic. 

Rights of passage: Two different rights of passage exist under UNCLOS: the right of 
innocent passage through a territorial sea, and the right of transit passage through an 
international strait. The more extensive right of transit passage relies on whether the strait is 
deemed to be used for international navigation, which is in itself poorly defined. 

Under Articles 17-26 of UNCLOS, all coastal states must provide a right of innocent passage 
to any ship wishing to pass through its territorial waters ‘so long as it is not prejudicial to the 
peace, good order or security of the coastal State.’ The right of innocent passage extends to 
all vessels but prohibits certain activities such as fishing and launching military devices. The 
case is different for internal waters such as those previously mentioned straits that are 
enclosed by straight baselines, however, if the internal waters were created through the 
drawing of straight baselines and there previously existed a right of innocent passage 
through the straits then the right of innocent passage should remain. 

The right of transit passage applies only to international straits defined in Article 37 as those 
‘which are used for international navigation between one part of the high seas or an exclusive 
economic zone and another part of the high seas of an exclusive economic zone.’ This 
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definition of international straits implies that it must both geographically link two parts of 
the high seas or two EEZs, and it must also be used for international navigation between two 
parts of the high seas or two EEZs. The second of these, the functional criterion, is vague and 
it has been debated whether the Arctic straits are used for international transits extensively 
enough for them to qualify as international straits [8]. 

Figure 3: Maritime jurisdiction and boundaries under UNCLOS. Source: IBRU: The Centre for Borders 
Research at Durham University, 2014. 
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In the short-term future: As the ice retreats the sailing period in and through existing 
routes increases, while new routes may also open-up. In this emerging landscape, 
developments in the legal framework and their potential impact on Arctic shipping remain 
unclear.   

International use of sailing routes may, for example, be hindered by administrative barriers. 
Russia promotes the international use of the Northern Sea Route (NSR), e.g. [9] and [10], 
but at the same time a Russian law adopted in 2017 prohibits the transportation of oil and 
gas along the NSR by any non-Russian ship. This came in contradiction to the 2013 update of 
the NSR regulations by the Russian government. This update, relaxed earlier restrictions 
regarding minimum ice class designations for navigation along the route, and established the 
NSR Administration as a distinct special-purpose organisation to centralise traffic 
operations in the route, [11] and [12]. Analysts attribute such seemingly controversial 
policies to a desire to ensure firm and undeniable state control over the NSR, while pursuing 
international cooperation under Russian defined framework of terms, e.g. [13] and [14].  

On the other side of the Arctic, Canada also has its own Arctic shipping regulatory regime, 
implemented since 1970. Nonetheless, the introduction of the Polar Code in 2014 has also 
increased the weight of the International Maritime Organisation (IMO) in the Arctic 
cooperation framework, Figure 8. The International Code for Ships Operating in Polar 
Waters or Polar Code sets out regulations for shipping in the polar regions, principally 
relating to ice navigation and ship design. The Code’s goal is to address risks present in polar 
waters and not adequately mitigated by other instruments of the IMO. The Polar Code was 
implemented in 2017 and since then ships intending to operate in the Arctic are required to 
apply for a Polar Ship Certificate.  

At the moment, Canadian and Russian regulations containing higher standards for safety 
and environmental protection outweigh the Code, and vessels with a Polar Ship Certificate 
may not be permitted or sail the NSR or the NWP. In the future, however, any increase in 
shipping activity in / through the Arctic will increase the Polar Code’s significance while 
entailing an increasing role for the IMO. Currently, the Code regulates cargo vessels and 
cruise ships and recommendations are already being put forward to extend the Code to 
fishing boats, [15]. Overall, a future increase in Arctic shipping will most likely increase the 
focus on Arctic navigation for a variety of reasons - including for example reduction of the 
Green House Gas emission (GHG) and safety – thereby enhancing the need for a firm and 
clear pan-Arctic regulatory framework. By aggregating all available data on the pertinent 
regulatory authority rules, regulations, policies and reference projects governing Arctic 
navigation and ship design, a complete regulatory and commercial framework suitable for 
future use has been established in SEDNA, [16].  
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Figure 4: Arctic cooperation frameworks presented by Jokela, J. (Ed.). (2015). Arctic security matters (Rep.). 
European Union Institute for Security Studies (EUISS). Source: Figure 2, page 37, 

https://www.iss.europa.eu/sites/default/files/EUISSFiles/Report%2024.pdf 
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d. Arctic Regional Governance  

The Arctic is a region with still evolving governance arrangements. There are six countries 
that border the Arctic Ocean (Canada, the Kingdom of Denmark, Iceland, Norway, the 
Russian Federation and the United States), and an additional two countries that are within 
the Arctic yet have no coastline in the region: Sweden and Finland, [17]. The various 
organisations and groups formed between these countries to discuss Arctic matters give a 
hint as to what the future governance arrangements of the Arctic may look like, whether it 
will be a region defined by cooperation, such as the Antarctic – see The Antarctic Treaty, 
1959, [18] –, or a region where competition and conflict could develop over resources and 
territory. 

The Arctic Council: The only organisation that engages all eight Arctic states in high level 
discussion of regional issues is the Arctic Council. Alongside the governments of the Arctic 
states, the various indigenous communities that inhabit the region are represented on the 
Arctic Council by six permanent participant organizations. The council has also formed six 
working groups to produce environmental, ecological and social assessments, while task 
forces or expert groups are frequently established to complete specific work.    

The Arctic Council was established in 1996 with an aim to promote cooperation, 
coordination, and interaction amongst the Arctic states on common regional issues, 
particularly sustainable development and environmental protection, yet excluding any issues 
relating to military or security activity [19]. To this end, it has used the concept of ecosystem-
based management in its work and places high importance on preserving the fragile and 
complex ecosystems present in the region. It is unique in providing a strong voice to the 
indigenous Arctic peoples by giving them a permanent seat on the council [20]. 

As a soft-law body, the Arctic Council works on a consensus basis and has no powers to 
enforce the recommendations and guidelines that it publishes; furthermore, it does not 
monitor compliance with its recommendations. The Council does, however, provide a forum 
for the negotiation of important legally binding agreements among the eight Arctic States. To 
date, three such agreements on aeronautical and maritime search and rescue, marine oil 
pollution preparedness and response, and on scientific cooperation have been signed.  

Non-Arctic states and organisations that are seen to have an interest in the Arctic, and are 
able to contribute to the work of the Council are also eligible to acquire observer status. 
Observers must fulfil a number of admission criteria and their role is to observe the work of 
the Council and make contributions at the level of Working Groups, see the Arctic Council 
Observer Manual for Subsidiary Bodies, [21]. Since 1998, thirteen non-Arctic states have 
been approved as observers, France, Germany, the Italian Republic, Japan, The Netherlands, 
People’s Republic of China, Poland, Republic of India, Republic of Korea, Republic of 
Singapore, Spain, Switzerland and the UK. In addition to the thirteen observer states, 
thirteen intergovernmental and inter-parliamentary organizations also have approved 
observer status. 

The Arctic Ocean Conference: This was a one-off conference, and is not a permanent 
forum for discussing Arctic policy and issues. It took place in Ilulissat, Greenland in 2008 
and was formed of the five states that have coastlines along the Arctic Ocean. The purpose of 
the conference was to discuss matters relating to the Central Arctic Ocean, the ocean that lies 
outside of, and is surrounded by, the Exclusive Economic Zones of the five states that 
participated in the conference, sometimes referred to as the Arctic Five (A-5). The 
conference resulted in the Ilulissat Declaration which: 
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• Noted climate change related effects on the Arctic. 
• Made a commitment to orderly resolution of disputes within the UNCLOS framework. 
• Rejected the idea of “A new comprehensive legal regime to govern the Arctic Ocean”. 
• Committed to protection of the marine environment, particularly with regard to 

shipping safety and vessel source pollution. 
• Made clear their interest in strengthening scientific research cooperation. 

The Ilulissat Declaration was seen by some as being a clear message from the A-5 that they 
will defend their right to exploit the natural resources of the Arctic and would oppose any 
future Arctic Treaty modelled on the Antarctic Treaty Yeager (2008). Alongside this, the 
Declaration also makes clear that despite their desire to made use of Arctic resources, 
environmental protection remains a key consideration and they committed to taking steps 
‘among the five states and other interested parties’ to ‘ensure the protection and 
preservation of the fragile marine environment of the Arctic Ocean’ [22].  

The Conference of Parliamentarians of the Arctic Region: The Conference of 
Parliamentarians of the Arctic Region (CPAR) is made up of delegations from the eight 
Arctic states along with a delegation from the European Parliament. As with the Arctic 
Council, indigenous peoples are represented as permanent participants. The conference 
meets every other year in order to discuss matters of cooperation and to promote and 
support the work of the Arctic Council, [23]. 

 The Northern Forum: The Northern Forum was established with the stated objective of: 
‘improving the quality of … decision making regarding northern issues by providing a means 
through which northern voices can be heard at all stages of the process’, [23]. It is a non-
profit organisation composed of governments from the eight previously mentioned Arctic 
states with a mission to address common challenges and to support sustainable development 
and cooperative initiatives [24]. 

The Arctic Economic Council: The Arctic Economic Council (AEC) is an independent 
business organisation. Its creation was facilitated by the Arctic Council in 2014 and during 
Canada’s chairmanship. AEC’s structure resembles that of the Arctic Council with eight 
Arctic states and six permanent participant organizations as members. In contrast to the 
Council, AEC permanent participants have also voting privileges.       

AEC’s aim is to bridge existing northern business and companies looking to invest in the 
North with Arctic Council’s member states and permanent participants. Its focus is on 
promoting responsible economic development in the Arctic and therefore five themes form 
the core of AEC’s activities:  

• Establishing strong market connections between the Arctic states 
• Encouraging public-private partnerships for infrastructure investments 
• Promoting stable and predictable regulatory frameworks 
• Facilitating knowledge and data exchange between industry and academia 
• Traditional indigenous knowledge, stewardship and a focus on small businesses 

AEC operates a rolling three-year strategic planning process and focuses on business areas 
related to: maritime and aviation infrastructure, IT and communication, non-renewable and 
renewable energy, mining, tourism, fishing, and human resources investments and capacity 
building. The strategic plan for the years 2016-2018 builds on three pillars, organizational, 
stewardship, and economic Growth, [25]. ‘The Norwegian Ministry of Foreign Affairs 
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coupled with the Norwegian business community currently provide 100 percent of the 
funding for the AEC secretariat. They agreed to cover the costs for the first three years, 
then the AEC secretariat must find additional funding mechanisms to become sustainable. 
The AEC as a whole, deeply appreciates the leadership, support and financial backing from 
Norway.’ Tara Sweeney, chair of the AEC, said in an interview with Chris Windeyer in 2016, 
[26]. 

Several think tanks, information gateways and knowledge hubs on Arctic matters operate in 
addition to all the above. Examples include, the Arctic Portal, the Centre for High North 
Logistics, the Centre for Strategic and International Studies (CSIS), and the Arctic Institute 
(Centre for Circumpolar Security Studies). The Arctic Portal is a network of information and 
data sharing, operating in consultation and cooperation with the Arctic Council. The Centre 
for High North Logistics is a knowledge network on Arctic transport and logistics with 
partners from Norway, Finland, Russia, Asia and North America. CSIS is a non-profit 
research organisation established in Washington, D.C. and with respect to the Arctic it 
provides analysis and policy recommendations on current and future geopolitical and 
strategic challenges. Also based in Washington, D.C., the Arctic Institute is an independent, 
non-profit organization aiming to identify and understand the issues Arctic security is facing.  

In the short-term future: Compromise has so far prevented territorial disputes between 
Canada and the US for nearly 30 years. While Canada considers the North West Passage 
(NWP) as the country’s internal waters, the US considers it as international waters. An 
agreement signed between the two countries in 1988 states that US icebreakers will ask for 
permission before sailing through the NWP and Canada will provide it, Agreement on Arctic 
Cooperation (1988), [27]. However, new disputes may arise as the ice melts and traffic in the 
NWP increases, especially since neither country is prepared for a considerable increase in 
shipping at the region, [28]. To this end, the US and Canada announced in 2016 the joint 
development of safe shipping corridors through the NWP, [29]. In marked contrast, the 
Arctic is absent from the latest US National Defence Strategy and the National Security 
Strategy. Analysts attribute this absence to the current ‘America first’ dogma, [30], 
sustaining the likelihood of a future shift in the US’s strategy about the area. 

Following a similar reasoning, the US also contests Russia’s claim over the straits located 
along the North Sea Route (NSR). All straights long the NSR are located well within the 
Federation’s Exclusive Economic Zone (EEZ). The US argument, however, builds on the 
United Nations Convention of the Law of the Sea to support the ‘international’ nature of the 
straits, [31]; the same argument is being used by the US in their dispute with Canada 
outlined above. Russia, on the other hand, moves on multiple and at time contradictory 
levels. The country increases its military posturise in the region, and while a rhetoric 
favouring the international usage of the route is promoted, recent Russian legislature may 
have a negative impact on foreign investments and cooperation in NSR shipping, [32]. [33], 
argues that potential conflict over the NSR may emerge in the future and as the retreat of the 
sea ice increases the possibility for an economically viable NSR. In the report, the author 
concludes that ‘Building economic alliances and working together on issues such as 
environmental protection may prevent an escalation to conflict since it becomes possible 
for countries to solve problems through peaceful means.’      

Nevertheless, the notion that Arctic routes may in the future compete with the traditional 
shipping routes fuels additional disputes in the region. On August 2016, Greenland and 
Denmark officially presented to the United Nations in New York claims relating to the 
continental shelf off the coast of Greenland, Ministry of Foreign Affairs of Denmark (2016), 
[34]. The claim builds on the UN Convention on the Laws of the Sea, which sets a 200 
nautical-miles limit for a coastal country’s “exclusive economic zone” and the argument that 
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Greenland’s continental shelf continues to form the Lomonosov Ridge. A region of about 20 
times the size of Denmark is claimed, Figure 9. Jon Rahbek-Clemmensen, an assistant 
professor at the University of Southern Denmark in an interview to Patrick Barkham said, 
‘this part of the vast Arctic probably has no resources whatsoever. The Danish move is to 
shore up its popularity in independence-seeking Greenland’ [35].  

The Danish claim overlaps with those made by Norway, Canada and Russia, see also Figure 
7, but to date only Denmark and Russia have filed the application for the expansion of 
continental shelf in the Arctic shelf. In a move perceived as provoking by the other Arctic 
States, Russia has placed a rust-proof titanium flag on the Arctic Ocean floor [36]. Although 
it may be long before the Danish-Russian dispute is solved it is also unlikely that it may lead 
to a dramatic increase in friction between the two nations, e.g. [35] and [37].  

The 2010 agreement between Norway and Russia over how best to divide a sector is a strong 
testimony to the above. The treaty was based on mutual compromise and put an end to a 40 
years long dispute in the Barents Sea, see e.g. [38] and Treaty between the Kingdom of 
Norway and the Russian Federation concerning Maritime Delimitation and Cooperation in 
the Barents Sea and the Arctic Ocean (2010), [39]. In addition, the Arctic Five expressed in 
2008 their commitment to abide by UNCLOS procedures for determining the dimensions of 
each country’s exclusive economic zone.  

Denmark, Finland and Sweden are members of the European Union, while Iceland and 
Norway are members of the European Economic Area and the Schengen area. As such, all 
these countries tend to align themselves with EU foreign policy, which in turn entails that 
EU norms, legislation and standards encompass the Arctic region. Among the other EU 
members, France, Germany, Italy, the Netherlands, Poland, Spain and the United Kingdom 
have sought and secured observer status in the Arctic Council, and furthermore the UK and 
Germany have also adopted specific Arctic strategies, while France is currently formulating 
one. However, the understanding between the Arctic Five that they handle their disputes 
among themselves has so far kept the EU from enhancing its role as an Arctic actor.   
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Especially after the 2014 sanctions the EU is perceived by Russia as a key antagonist. As 
such, Moscow is systematically blocking the EU from gaining observer status in the Arctic 
Council. A recent report on Arctic security matters by the EU Institute for Security Studies, 
lists three reasons urging the Union ‘to look for new ways to engage with the emerging 
security architecture of the Arctic’ [40]. The first is to preserve the integrity of the Arctic 
territories of EU member states, the second springs from the EU’s security relations with 
Russia, and the third relates to maritime security. Clearly, the latter reason links to the 
potential for increasing shipping activity in the Arctic. Increased traffic is associated with a 
need for increased surveillance, patrolling, and for search and rescue infrastructure and 
operations. It is not unlikely that in the future this need will exceed the capacity of individual 
European Arctic states and the EU will step in to fill the gap in protecting maritime supply 
chains and access rights. On the other hand, deploying EU patrols in the Arctic will likely be 
considered as a threat to national sovereignty thereby provoking Russia and Canada; even 
more so, a stronger engagement between EU and non-EU Arctic nations with NATO may 
prove provoking to Russia. All the above in conjunction with the varied interests between the 
member states, make it very unlikely that the EU will have a decisive say on how the future of 
the Arctic unfolds, see also [41].      

Figure 5: Map of Denmark’s polar claim (black lines) and the Lomonosov Ridge in green. Source: 
https://4gwar.wordpress.com/2014/12/17/arctic-nation-denmarks-claim/ 
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Non-Arctic nations are also expected to have an influence in the future of the Arctic. Early in 
2018, China - an Arctic Council observer member since 2013 - issued its first ever white 
paper on Arctic Policy. In the paper, the country is characterised as ‘Near-Arctic State’ and 
major stakeholder in the Arctic, and proclaims its strong interest in the future of the area, 
[42]. Arctic shipping routes stands at the top of China’s focus list, followed by the country’s 
intention to participate in the exploration for and exploitation of non-living resources, to 
utilize fisheries and other living resources, and to develop Arctic tourism.  

China outlined its plans to build a ‘Polar Silk Road’ - as part of the Belt and Road Initiative, 
e.g. [43] -, starting with the participation of Chinese enterprises in infrastructure 
construction and the conduction of trial voyages. To this end, the construction of the first 
Chinese polar expedition cruise ship is expected to be completed by August 2019, [44], while 
plans for the country’s construction of the first nuclear icebreaker are well on the way, [45], 
increasing the coutry’s fleet of icebreakers to three. The first, the Snow Dragon (Xue Long) 
icebreaker has completed a 83-days Arctic voyage in 2017, while a second diesel powered 
icebreaker will be delivered in 2019, Li (2017) and Aker Arctic [46] and [47]. In addition, the 
China Ocean Shipping Company (COSCO) expanded its operations and sent five of its vessels 
to cross the NSR during 2016, [48].  

Even before the publication of the white paper, Chinese real estate enterprises were making 
bids on and / or had acquired, a naval base on Greenland, a large coastal tract in northern 
Iceland, a rare piece of land on Svalbard, and land in northern Norway, [49], [50], [51] and 
[52]. In this white paper, however, China formally expressed its intention to cooperate with 
all relevant parties and be actively involved in the region by saying that ‘the governance of 
the Arctic requires the participation and contribution of all stakeholders’. Although the 
country’s involvement is stated to build on ‘the principles of "respect, cooperation, win-win 
result and sustainability’, it has raised concerns over China’s increasing engagement in the 
High North, e.g. [53].  These concerns are mostly associated with environmental risks, rather 
than with the prospect of a closer Sino-Russian cooperation in Arctic, e.g. [54]. China’s 
increasing mobility in the Arctic may force re-shaping the long-term strategic planning of 
Artic Nations and the EU, albeit predicting the direction of this re-shaping may prove 
challenging. For example, a preliminary multi-billion gas-export project deal between the 
State of Alaska and three Chinese entities has raised more questions than excitement, [55].    

Any development of Arctic shipping routes likely to redirect maritime traffic is a potential 
threat to Singapore, which has currently evolved to centre for shipping activities. 
Recognizing this, Singapore is increasing its active involvement in Arctic affairs through its 
involvement in ship-building, maritime technology and other scientific cooperative projects, 
e.g. [56]. Along similar lines, Indias role in and interests for the Arctic are in principle 
scientific. The country, however, recognises that as one of the fastest emerging energy 
consumers in the world it cannot miss-out on an opportunity to explore Arctic States and in 
particular Russia any hydrocarbon potentials, [57].  

e. Shipping in the Arctic: Major shipping routes  

The three major shipping routes in the Arctic are the Northwest Passage (NWP), the 
Northeast Passage a large part of which is the Northern Sea Route (NSR), and the Arctic 
Bridge which are illustrated in Figure 10. The first two are used as alternatives to the Panama 
and Suez canals, and the third is used for transporting goods between Russia and Canada. In 
addition to these major routes there are also numerous routes used to access various oil 
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fields, mines, communities and fishing grounds. As the ice is retreating, the possibility of a 
third Transpolar Sea Route (TSR) passing through the Central Arctic Ocean is also emerging. 

Arctic routes can cut the travel distance between Europe and East Asia shorter by up to 40%. 
Shorter distances and favourable environmental conditions lead to fuel and cost savings and 
reduced journey times and thus several Nations attempt to capitalise on the future potential 
of polar routes.  

‘The shortest route between Europe’s largest markets and the Asia-Pacific region lie across 
the Arctic. I want to stress the importance of the Northern Sea Route as an international 
transport artery that will rival traditional trade lanes in service fees, security, and quality.	
States and private companies who chose the Arctic trade routes will undoubtedly reap 
economic advantages.’ President V. Putin, 2011 Arctic Forum, [59].   

‘It’s 10 days shorter from Asia to Europe through the Arctic than through the Panama 
Canal. The first US port on the East Coast for ships coming from Asia is Maine. 
Commercial opportunities potentially abound.’ Sen. Angus King of Maine, [60]. In 2015, the 
Russian government released their ‘Integrated Development Plan for the Northern Sea 
Route 2015–2030’, which stresses the importance of the NSR for maritime export of Russian 
natural resources and for Russian national security. The intention and strategy to enhance 

Figure 6: Arctic shipping routes. Source: Humpert and Raspotnik (2012), [59]. 
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the international use of the NSR through a partnership with Asian countries and in 
particular with China are also outlined, [61] 

Indeed, with $10billion in pledged investments for Arctic projects, China is also keen to 
utilise Arctic shipping routes, [62]. China Ocean Shipping Company (COSCO) was the first 
shipping company to send a container ship (Yong Sheng) through the Northeast Passage in 
2013. COSCO states that since then, sailing through the Arctic has resulted in savings 220 
days of shipping time, 7000 tonnes of fuel and US$10m in costs compared to sailing through 
the Suez Canal, [63].   

NWP:	The first European attempts to find a route between Europe and East Asia through a 
sea route to the west of the North Pole began in the 15th century with John Cabot’s 
expedition of 1497. After many others tried and failed to find a Northwest Passage, Roald 
Amundsen finally completed the feat in 1906 whilst searching for evidence that the magnetic 
pole was moving. The journey took him three years to complete. Since Amundsen’s historic 
first transit, other ships have followed in his footsteps and there are currently seven main 
routes through the NWP, Figure 7 [64].  

NSR: The seas to the north of Russia and Norway have been used for small scale trade and 
transport for centuries with mixed success. Despite this, it was not until 1878 that 
Nordenskiöld completed a full transit of the Northeast Passage aboard his ship Vega. The 
Northeast Passage became a viable international trans-Arctic route when the Northern Sea 
Route was opened to foreign ships by Mikhail Gorbachev in the 1980's. Before this, during 
the Soviet era the Northern Sea Route was used extensively for Russian domestic shipping 
but almost no commercial transits took place during that time. It was also seen by the Soviet 
government as an important route for transporting military vessels between the Pacific and 
Atlantic Oceans.  

As with many definitions in the Arctic, the Northeast Passage (NEP) and Northern Sea Route 
(NSR) are poorly defined. The Northeast Passage is generally accepted to be a route between 
the Atlantic and Pacific Oceans that passes through the eastern part of the Arctic, although 
exactly where it begins and ends, and what course it follows is not widely agreed upon. The 
Northern Sea Route makes up a portion of the NEP along with the Northern Maritime 
Corridor and the Northern Pacific Corridor. Specifically, the NSR is the part of the route 
passing through Russian waters and is often considered to be the portion between either the 
Kara Gate or Cape Zhelaniya off Novaya Zemlya, and Cape Dezhnev at the entrance to the 
Bering Strait, Figure 12; in the remainder of this report NSR will be used to describe the 
whole passage. There are many routes between these entry and exit points some of which 
pass in shallow waters between the various islands and the Russian mainland, and others in 
deeper, yet often ice covered waters north of the islands. 

Transpolar Sea Route (TSR): The TSR - also referred to as the Transpolar Passage - is a 
proposed future trade route that passes directly through the Central Arctic Ocean. As this 
area is currently covered in ice year-round, it requires an icebreaker to make the passage. 
This limits the potential as a transit route as the fuel savings from taking a shorter route are 
quickly eliminated by the fuel used breaking through ice that is sometimes metres thick. 

However, as temperatures warm, the ice edge retreats, and the ice thickness reduces, there is 
certainly potential for the route to be profitable in the future. A Transpolar Passage has some 
advantages over the traditional Arctic routes – the NWP and NEP (NSR). Firstly, the route 
lies outside of territorial waters, meaning that the Arctic coastal states have limited rights to 
regulate the ship traffic, which could prove attractive to some ship owners. Secondly, there 
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are less limitations on vessel size when compared with the NWP and NEP that both have 
areas of extremely shallow waters. This would allow larger ships that can employ economies 
of scale in order to squeeze more profit from each voyage and go some way towards 
offsetting the higher cost of Arctic shipping.  

If the ice cover in the Arctic continues to decrease, it is only a matter of time until the 
Transpolar Passage becomes viable. At what point in the future this occurs is a matter of 
speculation, but with current ship technology and ice conditions, the route is not a viable 
option at this time. 

Cross-comparison of routes: [65] and [66], provide a comprehensive comparison of the 
three routes; for brevity’s sake, only the main points are summarised here.  

The NWP encounters thick multiyear ice, complex straits, and mound of earth-covered ice - 
also known as pingos - that make navigation especially challenging. The Passage is also 
depth-limited to 14m, while the lack of complete surveys increases the risk of grounding 
when deviating off the sounded channel. Such deviations, however, may be necessary when 
operating in harsh sea ice dominated conditions. The Canadian Coastguard provides 
icebreakers, monitors vessel movements to valuable mineral mines in the Canadian Arctic 
and provides weather reports by radio. There are, however, no ports of significant size and 

Figure 7: Map showing the seven routes through the Northwest Passage. Source: Headland (2017), [64]. 
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depth along the route and it may take up to half a day in average ice conditions for the 
Canadian Coastguard to reach an emergency, see also [68]. In addition, disputes over the 
sovereignty of the NWP remain. Canada considers the NWP as internal waters and claims 
the right to refuse passing, enact fishing and environmental regulation, fiscal, smuggling and 
shipping safety laws. On the other hand, the US and the EU consider the NWP as 
international straight thereby not recognising Canada’s right to refuse passing, [69].  

Sailing the NSR (and the NEP) is considered relatively easier than sailing the NWP. This is 
due to lower overall ice extent and open water in the Barents Sea. The area remains ice-free 
due to currents of warm water from the Gulf Stream, and in summer months the sea ice 
recedes more quickly compared to the NWP area. For more than fifteen years now, this part 
of the Arctic sets successive record-lows in observations of sea ice thickness and extent. Even 
so, however, the passage still remains inaccessible for a large part of the year, with the 
minimum risk of non-passage through either the Kara Sea or the Laptev Sea ranging from 
15% to 17%. In contrast to NWP the NSR however has a limitation in maximum beam of 
30m. This is related to the maximum width of the supporting icebreaker channel. For cases, 

Figure 8: Map of the Arctic region showing the Northern Sea Route, in the context of the Northeast Passage, and 
Northwest Passage. Source: Brigham et al. (2014), [67]. 
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where icebreaker escort is not required, e.g. during the summer season, then looser beam 
limitations may apply. Maximum draft along the NSR also ranges from 12.8m to 15m. Sailing 
further north to the Sannikov strait allows for a deeper draft, but the ice-free window is 
shorter.  

Despite the vast distance between at least six considerable sized ports are located along the 
NSR; Murmansk, Nordvik, Tiksi, Ambarchik, Uelen and Petropavlovsk, with the first being 
open all year round. In 2014, the Russian Federal Tariff Service decreased icebreaker tariff 
costs for foreign vessels in an attempt to promote the commercial use of the route. Tariffs 
range with the date and season, with the level of assistance required, and in accordance with 
the total gross registered tonnage and the vessel’s ice class. It is therefore possible for heavily 
ice reinforced vessels to avoid icebreaker escort fees, see also [70]. No disputes exist over the 
sovereignty of the NSR and search and rescue, and oil spill responses are coordinated by two 
located at Murmansk and Dickson Island, and additional sub-centres at Archangel, Tiksi, 
Pevek and Port Provideniya on the Bering Sea, [71]. 

To the present day, the TSR is hardly ever used due to the permanent presence of sea ice. 
Characteristically, the route was only accessible for 10 days in 2010, and even then, the travel 
with icebreaker type vessels was not considered safe, [72]. The TSR lies outside the EEZ and 
the territorial jurisdiction of Arctic States, [73]. It is noteworthy, that the Chinese icebreaker 
‘Xue Long’ (‘Snow Dragon’) is one of the first major vessels to have ever sailed the TSR, [74].       

f. Shipping in the Arctic: Categories  

Arctic shipping can be broken down into three categories: destination, transit and intra-
Arctic, Arctic Council (2009); this classification is used throughout this report. 

Destination: Shipping activity travelling to or from destinations in the Arctic is commonly 
referred to as destination shipping. Destination shipping includes: the transport of metal 
ores, coal, and oil products from extraction sites; fishing activity; tourist and cruise vessels 
travelling to tourism destinations; research and survey vessels travelling to points of 
scientific interest; and sealift, or resupply of remote Arctic communities. 

Currently, destination shipping occurs mostly around the eastern side of the Arctic, with 
limited activity along the western side. In particular, the Northern Sea Route is used for the 
movement of ores and hydrocarbons from the Arctic to destinations outside of the region. 
The majority of vessels operating in the Arctic fall into the destination shipping category and 
this type of shipping is poised to grow even further as retreating ice makes more resources 
available for extraction, increased shipping activity requires more accurate hydrographic 
surveys to be carried out, and interest in Arctic tourism continues to grow.     

Transit: Transit shipping refers to the voyages that transit the Arctic in order to move 
cargoes between the Atlantic and Pacific Oceans. Currently, there are two shipping routes 
through the Arctic: the Northwest Passage, which passes over the top of Canada and the 
United States, and the Northeast Passage, which passes north of Norway and Russia. Both of 
these routes are illustrated in Figure 13, alongside the traditional routes passing through the 
Suez and Panama Canals. It can be seen that the trans-Arctic routes are at times 
considerably shorter than the traditional routes and offer the prospect of time, cost, and 
emission reductions. With sea ice retreating, trans-Arctic shipping is becoming more feasible 
and is now attracting increasing attention from ship operators and regional governments due 
to potential time, fuel, emissions, and cost savings. 
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Despite the potential savings in time and fuel that shipping across the Arctic can provide, 
usage has remained relatively low. At the moment both routes are only accessible in the 
summer months and require ships to take the usual precautions when operating in polar 
waters. With sea ice coverage in the Arctic reducing due to climate change, there is the 
prospect of increased ship traffic on these routes, particularly along the Northern Sea Route 
between Asia and Europe. 

Intra-Arctic: The term "intra-Arctic shipping" is used to describe voyages between ports 
within the Arctic region. This can either be between Arctic states, or within a single Arctic 
state which is often called intra-Arctic cabotage. A large number of intra-Arctic voyages take 
place on the Northern Sea Route and remain within Russia. This is also historically true, 
particularly in the Soviet era when the Northern Sea Route was seen as an important 
national shipping route. 

In 1992, a regular route has been set up between Churchill in Canada and Murmansk in 
Russia which is known as the Arctic Bridge. The Arctic Bridge Agreement (1992) aimed to 
promote shipping between Murmansk and Churchill via the Barents and Norwegian Seas 
and Davis Strait between Greenland and Canada. In particular, mineral and timber products 

were to be exported by Murmansk, while grain would be shipped out of Churchill. This aim 
was never fulfilled and the closure of Churchill initiated an ongoing debate about the 
economic viability of Arctic shipping, [75].   

g. Shipping in the Arctic: Traffic in major routes 

Table 2, adopted from [76], summarises the categories of shipping activity in the Arctic and 
relates them to Exclusive Economic Zones (EEZ). Destination shipping activities are seen to 
occur in all EEZs and thus using all routes, whilst transit shipping takes place mostly 
through the NSR and the Canadian part of the NWP. An example of the traffic density in the 
Arctic between July 2016 and June  

Figure 9: Visual comparison of traditional and transpolar shipping routes. On the left, NWP and Panama Canal 
routes. On the right, NSR and Suez Canal routes. Source: AMAP (2012). 



SEDNA	D1.2	
	

	

31	

 

Shipping Type 
Within EEZ* of Arctic Council coastal state 
Canada Greenland Russia US Norway / 

Iceland 

Destination 
Shipping 

Passenger Cruise 
Ships √ √  √  

Export of Natural 
resources √  √   

Local re-supply √ √ √ √ √ 
Fishing √ √ √ √ √ 

Patrol / SAR √ √ √ √ √ 

Transit Shipping 
Northern Sea Route   √  √ 
Northwest Passage √   √ √ 

Transpolar Sea Route √** √** √** √** √** 
Table 2: Current Arctic shipping activities within the Arctic Council coastal states’ EEZ*. Adapted from Lloyd’s Register 
(2015). * Note: Estimate of EEZ (exclusive economic zone – typically 200 nautical miles from shoreline) for illustration 
purposes only, dependent on UNCLOS6 extended continental shelf claims. ** Actual route of Trans-Arctic crossing may 

pass through Canada, Greenland, Russia, US, Norway and/or Iceland waters or international waters. Source, Lloyd’s 
Register (2015), [76] 

Figure 10: Example of traffic density in the Arctic for the period between July 2016 and June 2017. Trajectories 
presented consider all vessels sailing in the Arctic during that time period. Large Marine Ecosystem areas are 

outlines in blue. Source: https://havbase.no/ 
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2017 is shown in Figure 14. The vast majority of vessels in the Arctic are seen to sail in the 
Norwegian and Barents Sea at the East, and at the Labrador Sea, Baffin Bay and Hudson 
Strait in the West.         

Identification of vessel traffic patterns and statistics in the Arctic rely upon satellite-based 
Automatic Identification System (AIS) data provided by the Norwegian Coastal 
Administration. Following IMO requirements for international voyages, vessels with 300 
and higher GT (gross tonnage) are equipped with AIS transmitters. Burges, government and 
military vessels are also not required to carry AIS transmitters. AIS data include transmit 
vessel identity, type, location, course, speed and status. 954 ships sailed the Arctic between 
August and November 2011, 1347 throughout 2012, and 2300 - nearly 400 of which are 
registered as vessels of unknown type - throughout 2014, e.g. [77] and [78].  

Fishing vessels account for the majority of vessels operating in the High North for either 
year. Vessels devoted to other activities, general cargo vessels, oi tankers, reefers and 
passenger vessels followed, Figure 15. With gross tonnage smaller than 5000tns, relatively 
small vessels dominated traffic in the region, Figure 16. Larger ocean-going vessels used 
Heavy Fuel Oil (HFO) whereas the smaller but more numerous fishing, community support, 
research, and service vessels were more likely to rely upon distillate fuels, [77]. 

NWP: Commercial transits of the Northwest Passage are not common, as shown in Figure 
17. Whilst there has been considerable growth in yacht transits and some increase in 
passenger ship transits, there is little merchant transit shipping occurring on the NWP. It has 
been suggested that this is due to difficult ice conditions, as even when ice coverage is low, 
free floating ice is likely to clog the narrow straits that make up the route.  

 

Figure 11: Number of vessels per vessel type operating in the Arctic for the years 2015 and 2016. 
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Despite the low usage as a transit route, there is a fair amount of destination traffic, 
particularly in the area around Baffin Bay and West Greenland where more than 30 
operating and under development mines are located; an indicative example of ship tracks 
from 2014 AIS data is shown in Figure 42. In addition, the Canadian Archipelago and 
Greenland are attractive to cruise tourism as illustrated by the recent cruise of the Crystal 

Figure 13: Gross tonnage distribution for vessels sailing the Arctic in the years 2012 and 2014. 

Figure 12: Complete transits of the NW Passage by vessel type for years 1903-2016 
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Serenity, [79] and [80]. Looking at longer-term trends, [81] concluded that traffic in the 
Canadian Arctic nearly tripled from 1990 to 2015, travel distances increased and shipping in 
the NWP is evolving, albeit vessel numbers are relatively small even when compared with the 
number of vessels sailing the NSR / Northeast Passage.    

NSR: Following the first summer transits of the NSR in the 1930’s traffic on the route grew 
under the Soviet government until it peaked in 1987 as shown in Figure 19, [82]. Since the 
peak of 1987, cargo volumes fell dramatically, although their decrease slowed in the 1990's 
due to an undervalued Rouble and the associated profits for shipowners. In more recent 
times merchant vessels have used the Northeast Passage for shipments between Asia and 
Europe, although the numbers are significantly less than their historical highs. 

Figure 20, shows the number of voyages along the NSR for years where data was available 
from the Northern Sea Route Administration. In the last five or so years, voyage numbers 
peaked in 2013 and have remained more or less flat over the last two years with an increase 
in transit shipping being balanced by a decrease in destination shipping. Satellite tracking 
data for the years 2010 to 2014 reveal that 50% of the traffic along the NSR was from 
research, supply and survey vessels, while the remaining 50% was shared, in descending 
order, between fishing, cargo, tanker and passenger vessels, [83].   

Figure 14: Map showing ship tracks in Canadian Arctic waters for the year 2014. 
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There are several reasons why this recent decrease in voyages could have occurred. 2014 was 
the year that Crimea was annexed by Russia, heightening tensions with many European 
countries which could have dissuaded foreign shipowners from doing business in the 
country. However, when the breakdown of ship types is examined for the peak year of 2013, 
and then it is compared with the breakdown for 2016, Figure 21, it can be seen that in the 
years prior to 2017 there have been no tankers, bulk, or LNG carriers operating on the NSR. 
In 2013, these vessel types made up around half of all of the voyages. In essence, the large 
resource extraction destination trade had ceased, with the remaining destination voyages 
likely to have been community resupply, fish, and general cargo trade. 

Resource shipping in the NSR has decreased dramatically since 2012, with the exception 
being 2016 when a large increase in coal cargoes was observed, Figure 22. Nevertheless, oil, 
iron ore, and LNG shipments are dramatically reduced. Resource prices may be a plausible 
reason for this decrease. The apparent correlation between oil prices and number of voyages 
on the NSR illustrated in Figure 23. Other resource prices such as iron ore and zinc have also 
seen similar reductions in value in recent years 

The reduction in oil price in particular is suggested to have had a twofold effect on shipping 
volume along the NSR. Firstly, oil and gas extraction in the region likely decreased. After all, 
it is expensive to extract oil in the Arctic due to the extra risks and the specialised equipment 
and knowledge required. Therefore, it stands to reason that low oil prices corroborated by 
the 2014 sanctions may have led to a drop in the output of expensive Arctic oil. Secondly, the 
fuel savings gained from taking the shorter NSR over the Suez Route decrease as fuel 
becomes cheaper, therefore making it less attractive for transit shipping. It can thus be seen 
that levels of both destination and transit shipping are likely impacted by oil prices. 

Figure 15: Cargo volume on the Northern Sea Route. Source, Ragner (2000). 
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Figure 16: Number of voyages for Vessels operating on the Northern Sea Route by voyage type for years 2011-
2016 

Figure 17: Distribution per type of vessels operating on the NSR during 2013, on the left, and during 2016, on 
the right. 
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Figure 19: Cargo types and masses carried on the NSR for years 2011-2016 

Figure 18: Number of NSR voyages against oil price for years 2011-2016, Ragner (2000), [82] 
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The Arctic Bridge: The Arctic Bridge Route is not currently used. However, this may 
change in the near future since the Canadian Arctic Policy Framework is in development, 
interest in shipping grain from Churchill is still present, Winnipeg Free Press (2017), and 
one ship has already been booked for 2018, [84].  

In the short-term future:  

Accessibility: As the reduction of Arctic sea ice continues, major routes will become 
increasingly open. Currently, the NSR experiences approx. four weeks of open-water 
conditions in September, while the NWP and the TSR none. The open-water period is 
projected to increase to six weeks by 2025, and reach nine, five and six weeks for the NSR, 
the NWP and the TSR by 2030, Figure 24. For ice strengthened vessels, the shipping season 
is also expected to extend from early August to late October by 2030 as well.  

It is noteworthy that in the next twelve years the TSR is forecasted to experience greater 
accessibility than the NWP. On the contrary, thick sea ice remains at the NWP during the 
2030s and limits reliable navigability for this timeframe. Aksenov et al. (2017), estimate that 
by 2039 the sailing time for the TSR will range from thirteen to sixteen days for moderately 
ice-strengthened Polar Class 6 and ice-capable Polar Class 3 vessels.  

In the same work, very low extent and thickness is forecasted for summer sea ice at and 
beyond 2050 thereby making the TSR accessible even to open-water vessels. For the same 
time period, the US Navy expects safe navigability in the NSR and the TSR to be possible for 
130 days per year, with open water passage up to 75 days per year. The NWP will also be 

Figure 20: Arctic transit routes availability. Source: United States Navy (2014), [85] 
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increasingly open during the late summer and early fall, The US Navy Arctic Roadmap for 
2014 to 2030 (2014), [85].  

Ultimately, future accessibility of Arctic routes varies with the CO2 emissions scenario 
considered and with the vessel type. Using several different climate models, [227] computed 
fastest trans-Arctic routes, accessible by both open-water and ice-strengthened vessels in 
mid-century. For a low emissions scenario, transiting the Arctic will be possible for open-
water vessels in 59% of Septembers. The majority of the ship will sail the NSR, albeit they 
will often be able to avoid the Sannikov and Vilkitsky Straits and the associated draft 
restrictions. In a high emissions scenario, open-water vessels will be able to sail the Arctic in 
82% of Septembers. In contrast to the low emissions scenario, the TSR is more frequently 
open to open-water vessels, and always available to Polar Class 6 ships. 

Traffic: The US Navy anticipates that in the summer of 2025 100 vessels will transit the 
TSR, 400 vessels the NWP and 450 vessels the NSR, [85]. These predictions are in general 
agreement with an overall notion that in the following decades and before 2050 Arctic routes 
will become increasingly accessible, even to vessels with moderate ice strengthening. The 
rapid decline of hazardous multiyear sea ice will lead to prolonged shipping seasons, and in 
the same time reduce the need for icebreaker escorts and thus reduce the cost of Arctic 
transits, e.g. [86]. 

Current shipping demand along the NWP includes about 21 carriers (see Table 2) engaged in 
in destination, resource-based activities, re-supply and pleasure vessels. Nonetheless, the 
consensus is that the NWP will be the last Arctic route where the multiyear ice will disappear 
and shipping through this Passage will remain risky even in the summer season and even 
beyond 2050. The latter, in conjunction with the lack of major infrastructure – such as deep-
water ports - and of known plans for future investments, the complexity NWP inner-routes, 
the shallow waters and the variable sea ice, substantially limits the possibility of any 
considerable increase in trans-Arctic shipping in the years to come. The Canada-US dispute 
over sovereignty in navigation rights threatens further the viability of the NWP as a future 
alternative to the traditional Panama Canal route, [87]. On the contrary, future mining 
projects are expected to increase the demand for destination shipping in the years to come, 
[88].     

The future of cruise traffic in the NWP is much more uncertain. In 2016, the Crystal Serenity 
— carrying 1,700 passengers and crew — became the first large luxury cruise ship to transit 
the Northwest Passage. This voyage raised popular awareness of this new touristic product, 
and in that sense, it revolutionised the market. Since then a growth of operations in the 
region was noticed, and Lindblad Expeditions, has announced plans to build ten new 
expedition ships ready to travel Arctic waters by 2019, [89].  

In the future, Arctic cruises will benefit from longer summer seasons, while the lack of major 
ports in the NWP is not expected to have a considerable negative impact on future growth in 
cruise related traffic. Cruise vessels are self-contained units with small if no at all 
dependence on land infrastructure. However, limiting SAR capacity will become a major 
limiting factor, especially if an accident occurs. In the same time, Arctic cruises are a small 
niche product, which is sensitive to the public opinion and demand. In the future, a more 
easily accessible and endangered High North may become less attractive and thus less 
competitive to the traditional cruise product of the Caribbean or the Mediterranean; or it 
may not. 
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On the other side of the Arctic Ocean, fifteen new 
icebreaker ships are planned to transfer LNG from 
the Yamal peninsula to the Asian markets. These 
shipments will establish the viability of the 
Northern Sea Route (NSR) for transporting LNG 
through icy water during the summer months, May 
to November, and potentially all year round. Using 
the NSR, LNG ice-class carriers will sail through the 
Arctic and the Bering Straits reaching Asia in 15 
days, half the time required when sailing through 
the Suez Canal, Figure 25. When the NSR is ice-
locked LNG will be transhipped at a European 
terminal to open-water LNG carriers which will 
then sail the conventional route through the Suez 
Canal.  The high costs associated with the use of 
ice-breaker tankers are subsidised for the Yamal 
LNG projected through a 12-year exception period 
from the Mineral Extraction and through the 
export tax-free Russian LNG exports, Henderson 

(2017). 

Between December 2017 and April 2018, 25 cargo vessels carrying approximately 1.5million 
tonnes of LNG have been shipped from the Sabetta port using Arc7 ice-class tankers. 
Nonetheless, the inaugural travel of the LNG carrier ‘Christophe de Margerie’ is considered a 
real breakthrough in Arctic shipping. In August 2017, the vessel needed just six days, twelve 
hours, and fifteen minutes to sail the 2,193 nautical miles of the NSR, while, at times, sailing 
through 1.2m thick ice. With an averaged speed of fourteen knots the journey from Norway 
to South Korea was completed in a record-set time of nineteen days; almost 30% faster than 
sailing through the Suez Canal, Total (2017).  

The 300m long and 14m wide, ‘Christophe de Margerie’ is capable of transiting through 
conditions, up-to, 2.1m thick ice and it is the largest commercial ship to receive Arc7 
certification. Relying on a triple pod stern-first electric propulsion solution, the vessels is 
capable of breaking through ice ridges and break level or pack ice to pieces, [90]. ‘Christophe 
de Margerie’ was the world’s first of fifteen double-acting polar LNG careers destined to 
serve Yamal LNG with regular year-round transits aiming to export 16 million tonnes of 
natural gas through the NSR. The icebreaking LNG carrier fleet will cost a combined $5 
billion to acquire, and will be operated by Sovcomflot under fixed 25-year time charters 
targeting to one loading every 40hours. Multiple ship-owners, including Teekay, MOL, 
Dynagas and Sinotrans, have made investments in the vessels, [91]. 

In contrast to the NWP, the NSR is the only Arctic route experiencing testing transits by 
cargo vessels - other than oil and gas carreers - and container ships. Specifically, the COSO 
owned cargo ship ‘Tian En’, successfully sailed the Northeast passage through the NSR in 
August 2018 transporting 37,000m3 of wind power equipment from China to Europe, [92].  

At the same time, the Danish Maersk Line, the biggest seaborne freight carrier in the world, 
also announced a trial passage from China to Europe. ‘Venta Maersk’, the company’s 3,600-
container ice-class ship embarked on its voyage in late August 2018, [93]. On her voyage 
from Busan to Bremerhaven, the ship carried 660 reefer containers and concluded its 
passing through the NSR in 37days, [94]. ‘Venta Maersk’, is the fourth of seven sister vessels 
designed specifically to operate in cold waters (down to -25 degrees C), where ice-class is 
required. Although the trial voyage went according to plan, Maersk’s Chief Technical Officer 

Figure 21: Routes and estimated travel time 
for LNG icebreaking careers traveling from the 

Arctic to Asia. Source: Total. 
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Palle Laursen underlined that ‘Currently, we do not see the Northern Sea Route as a viable 
commercial alternative to existing east-west routes. In general, we plan new services 
according to trading patterns, population centres and our customers demand. That said, 
we do follow the development of the Northern Sea Route. Today, the passage is only 
feasible for around three month a year which may change with time. Furthermore, we also 
must consider that ice-classed vessels are required to make the passage, which means an 
additional investment.’ 

Considering ongoing activities and predictions for longer summer seasons and ice-free 
periods, in the near future it is not unlikely for the traffic in the NSR to increase, albeit at a 
slow rate. Incidents involving vessels using the shipping lane may also set-back ambitious 
development plans. For example, in 2018 the ‘Boris Vilkitsky’ - the second LNG career 
delivered after ‘Christophe de Margerie’ – sailed in the NSR having one of its three azipods 
motors not functioning, [95]. As a result, the ship operated with limited power output and 
manoeuvrability, and thus the vessel’s ice capability was reduced from category Arc7 to 
Arct4. This reduction, in conjunction with the ice conditions at the time of travel, made it 
illegal for the vessel to operate in the NSR. The Northern Sea Route Administration called 
the incident ‘a gross violation of the Rules of Navigation and a threat to the safety of 
navigation, as well as the protection of the marine environment.’, see also [96]. 

The ship was detained by the Russian coast guard for more than a week and it was allowed to 
leave only with the escort of a nuclear icebreaker. ‘Political pressure was likely applied to 
reach an agreement between the authorities and the shipowners and allow the vessel to 
depart.’, [97]. Fortunately, the incident did not evolve into a serious accident but it did raise 
a series of questions and concerns about administration, search and rescue and developing 
rights over the NSR. The ability to monitor traffic in the NHR was also challenged.   

The ‘Boris Vilkitsky’, was able to travel the NSR while violating the rules of the, theoretically, 
most well developed and regulated Arctic route, and this at a time of limited demand for 
sailing the specific sea lane. The vessel was eventually released and the owner suffered no 
repercussions. In an interesting contradiction, an ongoing dispute between the Russian 
Ministry of Transport and Rosatom, Russia’s state nuclear corporation, over administration 
rights in the NSR was further fuelled, [98]. If such an incident triggered a clash between two 
national authorities, then the possibility of international conflict due to a severe accident in a 
disputable part of the Arctic Ocean cannot be ruled-out.      

Past and present use of the NSR combined with and the currently announced future trips 
and the proclaimed intentions of major operators, support projections for a weekly 
increasing trend in future traffic through the NSR. Earlier predictions that 8% and 10% of 
the total container shipments from Asia to Europe will be using the NSR by 2030 and 2050, 
[99], are not wholly supported by this trend. That said, the higher risks of voyage delays or 
even cancelations due to unpredictable weather and sea ice conditions offset the benefits of 
Arctic routes for container trade. On the other hand, oil and gas careers operate in less tight 
schedules and future shipments from the Russian Arctic appear to be well regulated. As such, 
the likelihood of the NSR experiencing traffic volumes similar to those of the Suez Canal by 
2050 is indeed rather small, see also [100] and [101]. 

On the other side of the Arctic ocean, ongoing and planned mining operations are expected 
to increase destination travels and bulk cargo traffic in the NWP but the same impact is not 
expected for transits. Cruisers may also increase their presence in the area but in the long-
term Arctic tourism is not expected to become competitive with exotic destinations. In 
Alaska, the potential for future increase in traffic is strongly related to prospective 
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investments in oil and gas extraction, see also The International Council on Clean 
Transportation (2015), [102]. To this end, large scale investments have yet to be confirmed. 
In the same time, neither the US nor Canada have committed to a long-term development 
plan of Arctic maritime infrastructure. Consequently, the NWP seems to be the Arctic route 
with the lowest likelihood to experience a booming in vessel traffic and in particular in 
transit shipping by 2050.   

Fishing grounds currently lie at the border of the NSR but essentially outside either of the 
three Arctic routes, Figure 26, see also [103]. The retreat of the sea ice may reveal new 
fishing grounds. However, current practice indicates that regulatory bodies through 
scientific considerations will define if and when these grounds will become open to 
exploitation thereby leading to increased fishing boat traffic. 

Finally, the TSR is expected to experience greater accessibility than the NWP, [104]. 
However, pending regulatory and political considerations need to be resolved before traffic 
through this future shipping lane can increase. Economic competitiveness of the TSR against 
traditional routes will be an additional critical factor influencing future traffic. Fuel and 
insurance costs, along with safety concerns for both the Arctic environment and the vessel 
crews will also influence the viability of the TSR as a future shipping lane.    

Figure 22: Areas of commercial marine use in the Arctic. Source: Det Norske Veritas (2013), [103] 
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h. Arctic Shipping Infrastructure 

By April 2018, 349 ports were listed in the Arctic Maritime and Aviation Transportation 
Infrastructure Initiative (AMATII) catalogue. 25% of these ports are located in Norway, 17% 
in Canada, 12% in Sweden, 8.5% in Russia and 9% in the US Alaska. The remaining ports are 
shared between Greenland, Iceland, the Faroe Islands and Finland, Figure 27.  Only 7 out of 
the 349 Arctic ports are characterised as large ports, 26 as medium, while 73 and 243 are 
small and very small ports, respectively.  Of the 33 large and medium Arctic ports, 31 have 
water depths greater than 6m, 18 of which are deeper than 9m.  

The Port of Churchill in Manitoba, Canada’s only deep-water Arctic port, has been closed by 
OmniTRAX – the US owner and operating company – due to a lack of economic viability. In 
contrast, and according to the Association of Russian Sea Ports,  Russian Arctic ports 
handled a total of 74,2 million tonnes in 2017 alone, an increase of 49,1% compared with 
2016. Nearly 70% of the total Arctic port turnover is recorded for Murmansk. These results 
for Murmansk, agree with and nearly exceed pre-2010 projections about the port’s required 
capacity estimated at 52million tonnes by 2020. This port connects the Atlantic and Arctic 
oceans, operated at full capacity in 2017. 

Figure 23: Number of Arctic ports per country-member of the Arctic Council. Data source: AMATII. 



SEDNA	D1.2	
	

	

44	

19 Russian Arctic ports of all sizes and depths serve the area between Murmansk and the 
Laptev sea. In contrast to Murmansk, not all these ports are ice-free throughout the year and 
many are reached only though river transits. They are, however, supported by the Russian 
icebreaker fleet.  

In recent years, Russian Arctic ports in the Barents Sea have expanded significantly 
following the increase in offshore oil, gas and ore production. Characteristically, the port of 
Varandey has been developed to a deep-water oil export terminal by the LUKOIL- 
ConocoPhillips cooperation, and handled 8,2 million tonnes of oil solely in 2017. 
Nevertheless, it is the Port of Sabetta on the Yamal Peninsula in Kara sea which is the focal 
point of this expansion. This new deep-water port was completed in 2016 as part of the 
Yamal LNG project lead by Novatek (50.1%), French Total (20%), China National Petroleum 
Cooperation (20%) and the Silk Road Fund (9.9%). The project started exporting LNG in 
December 2017 and since then transhipment has increased by 180.7% compared with 2016 
when 2.85 million tonnes were handled by the port, [105].    

Substantially different conditions are observed for the waters near the Bering Strait. 
Although there are a few deep-water Russian and U.S. ports in this area, like Provideniya 
and the Dutch Harbor at the Bering Sea, none of them are reported as medium or large. In 
addition to handling goods, the availability of port infrastructure is also related to support 
and search and rescue operations. Therefore, the presence / absence of such maritime 
infrastructure directly influences the level of risk associated with transiting a particular 
waterway and affects marine insurance rates. 

In addition, the Arctic holds unique challenges for navigation and communication systems. 
Traditionally, ships made use of sextant and compass for navigation, however, nowadays 
many shipboard navigation and communication systems make use of satellite-based 
communications along with high frequency radio for contacting shore. Unfortunately, the 
environment in the Arctic poses’ challenges to all of these technologies, from magnetic 
interference due to proximity to the magnetic pole, poor satellite coverage due to the nature 
of satellite orbits, to radio interference from solar activity. These issues mean that systems 
that have become industry standard for shipping in most parts of the globe are less effective 
in the high latitudes. Systems such as Automatic Ship Identification (AIS), Global Maritime 
Distress and Safety System (GMDSS), and Global Positioning System (GPS), as well as 
satellite-based systems for receiving weather information, all rely on sufficient satellite 
coverage. The technical obstacles to successful navigation and communication are also 
compounded by the lack of accurate, reliable charts with some charts in use relying on very 
old data, and the fact that much of the Arctic is far from shore means that many of these 
systems cannot be replaced with shore-based solutions.     

In the short-term future: Canada, Iceland, Finland, Norway, Russia and USA, are all 
making plans or have already initiated agreements and projects directly or indirectly 
associated to shipping infrastructure in the Arctic. Canada is building a new deep-water port 
in Iqaluit’s capital city on Baffin Island; the project’s completion date is set for 2020, [106]. 
In Iceland, the ambitious Finnafjord project was developed with the aim to facilitate trans-
Arctic shipping routes, Figure 28; the initial construction phases are projected for as early as 
2020.   

In early 2018, Finland and Norway agreed to explore constructing an Arctic rail link to 
connect Finland’s Rovaniemi with Norway’s ice-free deep-water port of Kirkenes, [107]. A 
similarly ambitious railway project is reportedly under development by the Russian 
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Federation, [108]. With an estimated cost of €3.06 
billion the Yamal-Nenets railway will connect 
Bovanenkovo with Sabetta. The railway will 
become par of the Northern Latitudinal Railway - 
another planned 707 km east-west railway – 
thereby connecting Nadym and Labitnangy in 
Western Siberia. “I want to see Sabetta develop 
into a universal port for all kind of goods. This is a 
very convenient place with really good logistics”, 
President V. Putin (2015), [109].  

Work is also been carried out to improve the speed 
and quality of responses to future accidents thereby 
ensuring safer shipping conditions. In 2013, 
member states of the Arctic Council signed an 
agreement on Cooperation on Marine Oil Pollution 

Preparedness and Response in the Arctic, Arctic Council (2017), [110], and in 2011 signed the 
Agreement on Cooperation on Aeronautical and Maritime Search and Rescue in the Arctic 
(SAR Agreement) [111]. Russia has also committed to open over 10 emergency rescue centres 
along the NSR by 2020 as traffic along this route is hoped to grow in the future, see also 
Figure 10 from Ocean Conservancy (2017), [112]. In marked contrast, Canada is not 
promoting the use of the North Waste Passage thereby reducing the necessity of a national 
strategy for enhancing SAR related infrastructure in the Arctic, [113]. Nevertheless, ongoing 
cruising operations and the likelihood of increasing cruise ship numbers in the future, have 
raised concerns about the adequacy of Canada’s SAR system, [114].   

Recent research led by Guggenheim Partners developed a list of public and private 
infrastructure projects being planned for the region and concluded that the changing Arctic 
needs $1 trillion investments in infrastructure in order to ensure sustainable development 
and responsible exploitation of the region’s resources and emerging shipping routes, [115]. 
Energy and mining related projects occupy the top places of the list with the highest value, 

Figure 24: Nautical routes form the planned 
Finnafjord deep-water port to Dalia, China. 
Yellow line: 5,800nm. Red line: 11,000nm. 
Source: http://www.efla.is/media/utgefid-

efni/finnajord_bkl_juni_13.pdf 

Figure 29: Public and private infrastructure projects already being planned for the Arctic. Values in billion 
dollars. Source: Guggenheim Partners, https://www.guggenheimpartners.com/GP/media/pdf/Bloomberg_The-

World-Has-Discovered-a-1-Trillion-Ocean.pdf 
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while maritime related investments are found half way through the list, Figure 29. States 
having an Arctic coastline have announced or made the largest investments, while countries 
like Sweeden, Finland and Iceland have among the highest estimated needs for future 
investments in infrastructure, Figure 30. Not surprisingly, given its size, the Russian Arctic 
region is the area with the highest value and the highest need for investments.
 

i. Arctic Military State of Affairs 

During the last decade and following the great de-militarisation in the years after the end of 
the cold war, all Arctic states are augmenting their military capabilities in their northern 
borders. More specifically:  

Russia, has re-activated naval, air and army bases, proceeded with the modernization of the 
Northern Fleet as of which the Federation has also commissioned a new - the world's largest 
- icebreaker fleet, and deployed a missile early-warning radar system in the Arctic.  

A map prepared by Mike Nudelman and published in a 2015 Business Insider Australia 
briefing, [116], show that the country with the longest Arctic coastline has 18 active military 
bases. In contrast, Norway, Greenland (Denmark), Canada and the U.S. (Alaska) have all-
together 14 bases. The flurry of Russian military projects in the Arctic includes 425 
infrastructure objects and it is described by the Russian Defence Ministry as an 
‘unprecedented’ effort, [117].   

All Arctic military assets and weapons are under the command of the newly formed (in 2014) 
Arctic Joint Strategic Command. Weapon systems deployed along the Arctic coastline and on 
islands include, S-400 regiments, short range surface-to-air Pantsir-S1 systems and P-800 
Oniks supersonic anti-ship missiles. The 99th Arctic Tactical Group has been permanently 
deployed in the region as well and new snow-mobile armoured vehicles replacing the old 
Vityaz DT-30Ps, [118].  Two more ground force formations have also been converted into 
Arctic Brigades. 14 new airfields and bases have or are being prepared, supported by ten air-
defence radio stations. Next-generation stealthy PAK DA bombers, cruise missile-armed Tu-
95MS and Tu-160 bombers are expected to patrol the Arctic by 2025, e.g. [119]. The 
Northern Fleet is arguably the most powerful Russian naval force including battle cruisers, 
an air craft carrier and advanced nuclear-powered multipurpose submarines, [120].  

Figure 30: Values in billion dollars of Arctic infrastructure projects per country. Source: Guggenheim Partners 
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U.S’s, Arctic military ground forces (or U.S. Army Alaska) are under the Indo-Pacific 
Command and account for 2.5% of the entire U.S. force, [121]. The Alaskan Command 
(ALCOM) includes more than 16,000 Air Force, Army, Navy personnel. U.S. Army Alaska 
commands two brigade combat teams and an aviation task force. Two air force bases are 
located in Alaska, well above 60 degrees supported by a Cobra Dane radar installation and a 
network of eighteen Air Force radar sites throughout Alaska. Air bases accommodate a 
variety of aircrafts and air force assets including F-22s, F-16s, C-12s, C-17s and C-130s, 
Alaska Air National Guard’s 168th Air Refueling Wing, Air Force’s 3rd Wing, the Airborne 
Warning and Control System and two air and space operations centres. U.S. Naval Forces 
Alaska are under the command of the 17th Coast Guard District. Naval forces include a wide 
variety of vessels, including tenders, patrol boats and medium endurance cutters. During 
wartime, Coast Guard forces provide the majority of naval forces in Alaska for the defence of 
the state's shoreline, [122]. U.S. nuclear submarines also operate in the region, [13], and the 
US Navy has plans to develop sufficient assets by 2025, The United States Navy Arctic 
Roadmap for 2014 to 2030 (2014), [123].  

Norway’s joint military headquarters (NJHQ) is located in a mountain complex about 22 
km from the city of Bodø in Northern Norway. Apart from one independent mechanised 
brigade, the Border Guard in Finnmark is the Norwegian army’s part guarding the Norway–
Russia border. The Norwegian fleet includes frigates, submarines, corvettes and mine 
hunters. All units are homeported at Haakonsvern naval base in Bergen, Western Norway. 
Nearly half of Norway’s fighter aircrafts - 25 out of 57 F-16’s – are located at an airbase 
located to the other side of Bodø. The Norwegian air force fleet also includes six maritime 
patrol aircrafts and four transport C-130’s. With a defence budget raised to €5.5bn, Norway 
is currently deploying the biggest defence programme in its history, investing in F-35’s, 
submarines, naval missiles and spotter planes, Chapter Four: Europe, The Military Balance 
(2016), [125].       

Canada, The Kingdom of Denmark, Finland and Sweden have not heavily invested 
in Arctic military infrastructure.   

Canadian Armed Forces (CAF) have avoided building a large permanent presence in the 
Arctic. Given the lack of state-based threats, CAF is instead focused on assisting the 
Government to enforcing Canadian laws and regulations along the Canadian Arctic region, 
[126]. 

Defence activities in and around Greenland and the Faroe Islands are conducted from the 
recently established (2012) Arctic Command. Danish military personnel are stationed at 
Station North / northern Greenland - the northernmost base in the world, Air Group West is 
located at Kangerlussuaq / western Greenland, the Defence Guard at Mestersvig / eastern 
Greenland, and a liaison unit at the Thule Base /northwestern Greenland. Denmark is 
currently proceeding with the purchase of 27 F-35’s, with the first jet arriving in 2022, [127]. 
Mr Grube, the Danish Ambassador to the UK, indicated that although Denmark recognised 
an increased level of military activity in the Arctic, it was not seen as a leading security 
priority, particularly in light of more pressing threats in other theatres such as the Baltic, 
[128]. 

In 2016, the Prime Minister of Finland stated, ‘In recent years Russia has also increased its 
military footprint and activity in the Arctic, where the situation, so far, has remained 
relatively stable. Russia uses a wide range of military and non-military instruments in 
advancing its interests. The security policy environment of Finland, a member of the 
western community, has transformed. A tenser security situation in Europe and the Baltic 
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Sea region will directly impact Finland. The use or threat of military force against Finland 
cannot be excluded.’ [129].  As a consequence, Finland has released plans to expand its army 
by 20%; planned acquisitions include ground-based air defence systems, cyber capabilities, 
and new fighters to the replace the F/A-18 fleet. 

Speaking in a defence sub-committee at the British House of Commons, the Swedish 
Ambassador, H.E. Mr Torbjörn Sohlström said, ‘The Swedish Arctic is a limited part of the 
Swedish territory. We are more a Baltic Sea nation than an Arctic nation, I think it is fair 
to say. The Arctic has always been a significant part of our national defence because of the 
way that it relates to the bigger picture. We have changed the trend; we have started 
again, from a moderate level, to upgrade our national defence.’ [129]. Characteristically, in 
September 2016, the Swedish Armed Forces announced a permanent and immediate 

Figure 25: Russian military bases in the Arctic and Russian nuclear ice-breaker fleet. Source: Reuters 
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deployment of troops to the island of Gotland in the Baltic. At the height of the Cold War 
around 25,000 troops were stationed on this strategically important island, but the last 
forces were withdrawn in 2004. The sudden 2016 deployment came about as a result of what 
was reported as “a new and highly classified intelligence assessment pointing to an 
increased threat from Russia” [130]. Between April 2014 and 2015, Sweden’s planned 
budgets increased by around US$4 billion for the period between 2014 and 2024 and then 
increased again by US$1.5 billion for the years 2016 to 2020, [131]. 

Interestingly, Iceland has no standing military forces. Nonetheless, the US Navy and the UK 
Royal Air Force are, and will be, participating in Icelandic air patrols, [132].  

In the short-term future: At a first read, all Arctic nations are seen to be responding to 
the changes of the Russian position in the high north. The conflict in eastern Ukraine has 
also sparked considerable concerns and enhanced focus on defence matters. However, both 
between the Arctic nations and within the nations themselves, the spectrum of proposed 
responses spans calls to ‘invest to search and rescue infrastructure only’ and ‘an urgent 
fortification of Arctic defences’.  

Several analyst opinions converge to the position that the build-up of Russian military assets 
is motivated not only by the threat of conflict but also - and possibly to a higher degree - by 
the need to stimulate growth in the vast but heavily (following the end of the cold-war) de-
invested area of the Russian Arctic, and by potential opportunities for circumpolar 
cooperation. Between 2008 and 2014 Russian formal rhetoric was chosen to gradually 
downgrade the traditional rivalry with NATO and target the need for securing economic 
development in the Arctic region, e.g. [133]. In a recent review of Russian government-
approved documents, Pavel Devyatkin concludes ‘…both elements of conflict and 
cooperation in Russia’s Arctic security affairs. Ultimately, it comes down to the perspective 
through which one chooses to perceive Russian Arctic policy’, [134].  

In her analysis on geopolitics and the Northern Sea Route (NSR), Margaret Blunden points 
out that a considerable part of the Russian Arctic forces has been designed to secure the sea 
route rather than to engage in offensive actions, [135]. Russia’s Arctic expansion seems to 
confirm this view, Figure 31. A recent EU report provides an additional, non-Arctic related 
aspect to the current Russian military build-up, which may be part of a ‘balancing’ strategy 
with the US and NATO, Arctic Security Matters (2015). Nevertheless, extensive military 
deployments come at a high cost which may in turn have a negative effect on Russia’s Arctic 
policy. The greater weight on the economy coupled with the possibility of further sanctions 
due to an increased risk of conflict, and a slow-down in the global and /or the Federation’s 
economy may yield the current Russian Arctic policy unsustainable, e.g. [136].      

Following a past shift on its point of gravity to the Mediterranean, NATO is gradually tuning 
an eye back to the Arctic. In 2003 US troops were withdrawn from Iceland and NATO closed 
its dedicated North Atlantic headquarters in Virginia. Nevertheless, a report published in 
2017, concluded ‘that the security, environmental, and economic imperatives in the region 
require that NATO, at the very least, have the capacity and resources to monitor and 
consider developments in the Arctic’, [138]. In the same report the current harmonic and 
cooperative relationships among Arctic nations and the introduction of non-Arctic actors 
were contrasted to the more rapid than predicted occurrence of climate change, and Russia’s 
aggressive actions against Ukraine and Georgia. As a result, ‘there is currently no rush on 
Arctic resources. However, the situation could change very quickly’. 
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Along similar lines, the defence agreement signed in April 2015 between Norway, Sweden, 
Denmark and Iceland aimed at deterring Russia. The same countries plus Finland set up the 
Nordic defence cooperation (NORDEFCO) in 2009. Among other concepts, NORDEFCO 
promotes: the Alternate Landing Base (ALB) concept to allow Nordic air forces to use each 
other’s’ air bases, the procurement of a common battle dress uniform system, and the Arctic 
Challenge Exercise (ACE), one of the largest air defence exercises in Europe, NORDEFCO, 
Annual Report 2017, [138]. Although Russia is partly provoked by the common Nordic 
defence system, none of the Nordic nations perceive the Russia as an immediate and direct 
threat thereby maintaining a low likelihood of conflict in the future, e.g Arctic Security 
Matters (2015) and On Thin Ice: UK Defence in the Arctic (2018), [139] and [140].     

In the US, Arctic security traditionally had little contribution / influence in the defence 
policy with Arctic issues being considered mostly at regional (Alaska) level, [141]. A shift in 
US security interests for the region was observed in Obama Administration’s Arctic Strategy 
of 2013 and currently divergent views are expressed in the US on whether Russian Arctic 
mobility represents a genuine threat. At times, search and rescue stations are treated as 
Russian military facilities leading to inaccurate deductions about Russia’s actions in the 
Arctic, [142] and [143]. In the future, the focus of US military and intelligence for the Artic is 
expected to increase, especially as a new stage of operations for the Navy is emerging with 
the sea ice retreat and The US Navy Arctic Roadmap for 2014-2030 (2014). 
Characteristically, the US Navy’s Chief of Naval Operations proposed a reconsideration of 
the possibility of “high-end warfighting in the Atlantic” as the motivation for this decision 
[144]. 

In the UK, there is little doubt that the Arctic is experiencing an increasing level of military 
activity. In a recent report the UK Defence Sub-Committee concluded that in the future ‘The 
United Kingdom must show greater ambition and apply more resources to address the 
developing security situation in the Arctic and the High North’, [145]. In the EU, a 
constructive engagement of the Union in Arctic security matters as distinctively ‘soft’ 
security actor is also promoted [139].  

Overall, it is more likely that in the future Arctic military forces will be used to support 
search, rescue and other operations of urgent nature than to forcefully impose solutions to 
regional clashes. The foreseeable political and economic costs of military conflict outweigh 
any potential gain of any of the Arctic Nations.  
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j. Arctic Sea ice Climate  

History: 50 to 55 million years ago the Arctic was a much warmer place than it is today. 
Scientific evidence recovered from marine sedimentary samples collected from the middle of 
the Ocean during the Integrated Ocean Drilling Program (IODP) Arctic Coring Expedition 
(ACEX) indicate sea surface temperatures near the North Pole of 18oC to 24oC at 55Ma, 
[146]. The first occurrence of Arctic sea ice in the form of ice-rafted debris is placed at about 
47 to 45Ma, while sea ice is believed to have consistently occupying at least part of the Arctic 
Ocean for no less than the last 13 – 14 million years, [147] and [148].       

The history of Arctic sea ice is summarised in the simplified graph in Figure 32. In 50Ma the 
Arctic Ocean was ice-free, its shores were dominated by forests of Metasequoia -a deciduous, 
conifer tree- and subtropical ferns, and summer temperatures reached as high as 24oC. The 
cooling of the climate resulted in the onset of drifting ice in the Arctic possibly at about 
47Ma, see also [147], while almost 40% of woody plants disappeared from Alaska by 34Ma. 
The latter is considered to be the effect of an abrupt decrease in atmospheric concertation of 
CO2 and temperature, which may have led to the development of the first Greenland glaciers 
and frigid (1 oC  to 9 oC) seasonal temperatures in the Beaufort Sea. Sustained climate 
conditions are indicated in ACEX sediments for the next ~20 million years contributing to 
the formation of perennial sea ice and glacier shedding icebergs, St. John [149]. 
Nevertheless, studies focusing on the period of 3.3 to 3Ma reveal a complex Arctic climate 
with seasonally ice-free conditions and sea surface temperatures considerably higher than 
those reported in modern records. This intense Arctic warming was associated with a strong 
influx of warm Atlantic waters raising the sea surface temperature up to 18 oC, [150].        

Reduced CO2 concentrations in the atmosphere have been linked to a drastic reorganisation 
and cooling of the Arctic climate after 3Ma. Permafrost is believed to have formed for the 
first time, continental ice masses grew at the margins of the Arctic, and by 2.6Ma ice sheets 
developed in the northern areas of North America, e.g. [151] and [152]. The expansion of sea 
ice was likely supported by the increased inputs of low-salinity and fresh water from the 
Pacific and ice-sheets, respectively, [153]. Nevertheless, the results of several field 
investigations corroborate the presence of extensive warm intervals during this period. In all 
likelihood, the now permanently ice-locked northern part of Greenland was ice-free for 2 or 
3 summer months.   

Even stronger swings between low and high temperature regimes characterised the Arctic 
climate up until about 12 thousand years ago. During interglacial periods sea-surface 
temperatures may have been higher than present temperatures with most of the Ocean being 
free of summer ice. Sea ice was possibly located 800km north of currently known historical 
limits and did not extend south of Bering Strait, [148]. In marked contrast, the presence of 
several hundred meters thick ice over parts or all the Arctic Ocean is hypothesised for glacial 
stages, [154]. However, summer ice-free conditions may have still developed during minor 
periods (interstadial) of less cool climate.  

In the early stages of the ongoing interglacial -less than about 11.7 thousand years ago- 
Siberia may have been up to 4 oC warmer than it has been in the 20th century, and seasonally 
open water conditions may have occurred at 83oN, much further north than today’s 76 oN 
(approximate) limit. Nevertheless, a notably different ice extent history is reported for other 
Arctic areas. Scientific data for north Alaska, for example, suggest an increase in ice cover 
during the early stages of the interglacial, e.g. [155]. After 5.5Ka, the geographic 
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inhomogeneity of ice distribution decreases and overall ice cover in the Arctic Ocean 
increases. Multi-year landfast ice develops and by 3Ka the Northeast coast of Greenland 
becomes ice-locked. Evidence for such geographical inhomogeneities are not scarce 
throughout the Arctic history and highlight the high complexity of the Arctic sea ice 
responses to climate forcing.     

Several cooling and warming intervals are discerned in scientific records for the past 2 
thousand years including for example major temperature warmings at about 500 and 
1000a.d., [156]. Considerable variations in sea ice coverage are reported between the so-
called ‘Medieval Warm Period’ and the ‘Little Ice Age’, extending from about 950 to 1250 and 
1300 to 1850, respectively. Temperatures during the ‘Medieval Warm Period’ were as warm 
as Greenland temperatures at the time of their writing, [157], coinciding with a relatively 
decreased ice occurrence, [158]. The subsequent ‘Little Ice Age’ marks the cooling climax, 
characterised by a positive feedback mechanism enabling sea ice to expand and remain in 
such a state even for up to a century long period in time, [159].        

Since 1850 a trend of retreating sea ice cover extent is observed, with scientists arguing that 
the close agreement between Nordic Sea and Arctic wide records emphasise the pan-Arctic 
nature of the contemporary ice loss, [160]. Indeed, during the last 165 years the Arctic 

temperatures have been higher than they have ever been for the past two thousand years, 
Figure 27:  a. Climate model simulation results (CESM-LE) and observations (Obs) for the September sea ice 
extend in the Northern Hemisphere. Simulations / observations for the time period between 1970 and 2015. b. 

Simulations and observations for the interannual variation of sea ice extend from 1970 to 2015. 
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increasing by an average of approximately 1oC compared with the ‘Little Ice Age’, [161] and 
[162].     

The modern reduction history in Arctic sea ice extent is illustrated in Figure 33; Figure 1 in  
[163]. Sea ice extent reaches its maximum in March and then gradually diminishes to a 
minimum in September. Climate model simulation results (CESM-LE) and observations 
(Obs) for the September sea ice extend in the Northern Hemisphere are shown for the 1970-
2015 period in Figure 33a. Since the early 197os, when satellite data became available, a 
consistently declining trend is seen for sea ice extent in September despite the year-to-year 
fluctuations. The reduction rate becomes steeper after about 1996 and a decrease of 2 to 3 
million square kilometres is seen for the multi-decade declining trend, Figure 33a. 
Observations and simulation results also demonstrate a similar rise in magnitude range – 2 
million square kilometres – for fluctuations in the interannual variation of sea ice extend, 
Figure 33b. 

According to satellite images, the six lowest minimum ice extents in record have all occurred 
in the years between 2007 and 2012, with the lowest minimum occurring in 2012, Figure 34. 
Record lows continue for the following years, with the 2018 September low moving close to 
the 2007 value and expected to be one of the ten lowest in the satellite record, Figure 35. Not 

only does the magnitude of the sea ice cover varies annually but its spatial distribution as 
well. In 2007, sea ice occupied parts of the Beaufort Sea, the western Laptev Sea, the East 
Figure 28: Arctic sea ice extent for September 17, 2012, and daily ice extent for 2005 and 2007; 2005 and 2007 
were the record low years prior to 2012. The gray area around the average line shows the two standard deviation 

range of the data. Sea Ice Index data. Source: National Snow and Ice Data Center, https://nsidc.org 
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Greenland Sea, and of the Canadian Archipelago. In contrast, only the central part of the 
Arctic Ocean was ice locked in September 2012, in some similarity with the September of 
2018, when then ice was also present in the Canadian Archipelago, Figures 36.              

In the short-term future a trend of declining Arctic sea ice is projected for the summer 
period by all climate models participating in the Intergovernmental Panel on Climate Change 
Fourth Assessment Report (IPCC AR4), Figure 37. reported Differences in the downward 
trends between model results are attributed to the combined effect of Green House Gas 
(GHG) loading. GHG loading is the external forcing considered in the climate models, while 
natural processes and variation are not considered to their full extent, [164].  

Making predictions of sea ice thickness and extent has been a challenge for the climate 
change research community due in part to the complexity of the physics where the ice meets 
the sea and the air, [165]. This has meant that, generally, predictions of sea ice have not 
performed well against observations, [166], which have shown a quicker retreat of sea ice 
than predicted. It has, however, become clear, e.g. Figure 37, that for all RCP scenarios there 
will be a reduction in sea ice extent of the order of millions of square kilometres. Even at the 
most optimistic RCP, the mean result of the simulations predicts that by 2050 there will be a 
reduction in the September sea ice extent in excess of 2 million km2. Bearing in mind the fact 

Figure 29: Arctic sea ice extent for September, 4, 2018, and daily ice extent data for the years 2012 and 2014 to 
2017. 2012 is included as the year with record low minimum extent. The 1981 to 2010 median is shown with dark 

grey. Lighter grey areas around the median line represent the interquartile and interdecile ranges of the data. 
Source: National Snow and Ice Data Centre, https://nsidc.org 
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that observed sea ice loss has historically been greater than predicted, the future is likely to 
see an Arctic that has far less ice than at present. 

Approximately 50%, or more, of the past decline in overall September sea ice extent is 
considered to be human induced, albeit some ambiguity remains, e.g. [167], suggest that the 
long-term concentration in the atmosphere of aerosols emitted from human activity will 
reduce the sunlight penetration thereby causing cooling. Increased trans-Arctic shipping is 
projected to reduce Arctic warming by approximately 1oC by 2099, [168]. Cooling is driven 
by sulphate induced liquid cloud formation, and increased cloud albedo thwarts the 
reduction in surface albedo caused by the project increase in Black Carbon (BC) emissions. 
However, regional warming - e.g. due to the deposition of BC - and / or cooling may initially 
lead to a net global warming effect, which transits to net cooling only in the long term, [169].      

More ships using the shorter North routes may lead to a reduction in fuel usage and CO2 
emissions, albeit it may be long before this reduction manifests as a purely negative impact 
on climate warming, see also [170]. Overall, a reciprocal relationship between human 
activities in the Arctic, regional and global climate is highlighted, indicating the necessity for 
integrated research approaches to clarify long-term trends in the evolution of the climatic 
system both in the Arctic and the globe.    

a b 

Figure 30: a. Distribution of ice extent for the September 2012 minimum, compared to the September 2007 
minimum. With dark grey, areas where ice was present only in 2007. With white, areas where ice was present 

only in 2012. With light grey, areas where ice was present in both 2007 and 2012. b. Distribution of ice extent for 
the September 2018. Orange line, median ice edge for the period between 1981 and 2010. Source: National Snow 

and Ice Data Centre, https://nsidc.org 
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k. Arctic Resources 

The Arctic is often referred to as one of the last 
frontiers of oil, gas and mineral resources 
discovery. Arctic resources include oil and gas 
but also precious metals and rare minerals, 
including diamonds and gold, iron, copper, 
zinc and uranium. Nevertheless, the picture of 
Arctic natural resources is obscured by the lack 
of data and information, differences in 
recording and reporting practices between the 
Arctic nations, and the hostile character of the 
Arctic environment. 

Therefore, references to existing and 
prospective natural resources should be 
treated with caution.  

Oil and gas: Known oil and gas reserves 
include more than 400 fields north of the Arctic 
circle located mostly in onshore areas of Alaska, 
Russia and Canada, and account for about 240 
billion barrels of oil and oil-equivalent natural 

Figure 31: Arctic September sea ice extent (× 106 km2) from observations (thick red line) and 13 IPCC AR4 
climate models. Solid black line, multi-model ensemble mean. Dotted black line, standard deviation. Asterisk, 
models with more than one ensemble member are indicated. 9-year running means are presented in the inset. 

Source, Stroeve et al. (2007); 

Figure 32:	Areas with the highest probability of oil 
and gas reserves. Source, 

https://www.theguardian.com/environment/ng-
interactive/2015/jun/16/drilling-oil-gas-arctic-

alaska 
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gas or approximately 10% the world’s known petroleum resources.    

In 2008 the U.S. Geological Survey conducted an appraisal of possible new field discoveries 
in the unexplored Arctic and especially offshore. The study considered only geologic areas 
with 10% or higher chance of oil and gas accumulations, and with accumulations containing 
at least 50 million barrels of oil / oil-equivalent natural gas, resources recoverable using 
existing technology even in the presence of permanent sea ice and oceanic water depths, 
[171]. 

Approximately 90 billion barrels of oil, representing about 5.9% of the world’s known 
reserves, have yet to be discovered. The Arctic is also believed to accommodate an estimated 
1,669 trillion cubic feet of gas, or approx. 24.3% of the world’s known reserves. The areas 
with the highest probability of oil and gas reserves are shared between Norway, Denmark 
(Greenland), Canada, USA and Russia, while some lie in international waters located in the 
currently year-round ice locked centre of the Arctic Ocean, Figure 38.  

Offshore reservoirs are believed to store an estimated 84% of the probable oil and gas 
reserves. Approximately 33% and 29% of the undiscovered Arctic oil is alleged to be located 
in US and Russian territory respectively. In marked contrast, almost 66% of the 
undiscovered gas reserves are thought to be in Russia. Clearly, Russia and the U.S.A 
potentially hold an overwhelmingly large proportion of Arctic oil and gas resources within 
their territories, with Greenland / Denmark being the third largest holder. Less than 9% and 
4% of the undiscovered oil and gas resources is estimated to be in international waters and 
unclaimed parts of the Amerasian basin. As such, currently unclaimed oil and gas reserves 
are not expected to motivate the U.S. in ratifying the United Nations Convention on the Law 
of the Sea (UNCLOS) treaty, [172].                          	

 Minerals and metals: In addition to oil and gas, substantial mineral and metal deposits 
are also found in the Arctic. These include, without being limited to, zinc, nickel, iron, 
copper, lead, amber and fossil ivory, uranium, titanium, silver, gold and diamonds.  

Among the Arctic nations, Russia holds the largest share in mineral resources with an 
estimated value of 1.5 to 2 trillion US dollars, see for example, 
https://www.visualcapitalist.com/energy-and-mineral-riches-of-the-arctic/. About 20,000 
mineral deposits are known and approx. 30% of them is currently mined. Norilsk Nickel is 
the biggest mining group in the world producing in 2007, 18% of the world’s nickel, 46% of 
the world’s palladium and 12% of the world’s platinum. In 2002, Arctic Russia’s share of 
global production of metals and minerals was estimated to be 11% cobalt, 10.5% nickel, 4% 
tungsten, 40% palladium, approx. 20% diamond gems, 10% apatite and 5% vermiculite, 
[173].   

In Alaska, the Pebble East and West Porphyry copper ore bodies in Alaska constitute the 
second largest copper deposit in the world, while estimates of gold deposits follow a 
continuously increasing trend rising from a few million in the 1980’s to 140 million ounces. 
Since 2009, Canada revealed a strategy for Arctic economic development promoting mining 
activities and major projects as the cornerstones of sustained economic activity. 
Characteristic major project examples include the Mary River project, with a projected 
production of 18 million tonnes of iron ore per annum, and the Ekati Diamond Mind.   

For the European Union, the Barents region constitutes one of the most critical sources for 
metals and minerals. 1.5 billion million dollars’ worth of various minerals like olivine were 
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produced in Norway in 2007 alone. A detailed 
overview of metals and minerals in the 
Fennoscandian Shield is found in the 
Fennoscandian Ore Deposit Database (FODD). 
FODD compiles the geological surveys of 
Finland, Norway, Russia and Sweden and 
contains information on nearly 1700 mines, 
deposits and significant occurrences across the 
region. There are 47 large mines, 51 large 
unexploited deposits, and 57 potentially large 
deposits. Of all industrial deposits listed in 
FODD 61 % have not been exploited at all. 

Fisheries: Total Arctic fish and crustaceans’ 
stocks are estimated to be 10% and 5.3% of the 
global catch, or about 7.26 and 0.36 million 
tonnes. In addition to that, 7.7% of the world’s salmon trout is produced in aquacultures 
located in the Arctic, [173]. With small fluctuations these numbers have remained relatively 
stable for the past 30 years.   

The majority of fish stocks are located in the Bering Sea, the Norwegian and the Barents Sea, 
Figure 39. Thus, commercial fishing is regionally concentrated in areas with low (if not 
completely absent) ice cover. Species of high commercial importance in these regions include 
the Atlantic and Pacific cod, the Alaskan pollack, haddock, shrimps and snow crab.  Codfish 
and herring amount for almost 65% of the total fish catch in the Arctic; for a more detailed 
overview of Arctic marine fishery see table 3.1 in [173].  

In the short-term future:  

Oil & Gas: Arctic oil and gas extraction is associated with negative externalities. The 
particularities and challenges of the Arctic environment set the two milestones of first 
initiating exploration and then releasing a marketable product far apart in time. This, in 
conjunction with the uncertainty in estimates of Arctic resources, the high extraction cost, 
and the volatility in oil & gas prices, makes it uncertain and difficult to predict future for oil 
and gas exploration and extraction in the Arctic.  

In 2006, an assessment by Wood Mackenzie questioned the importance of Arctic oil and gas 
resources, [174]. In the most likely scenario, the study projected a peak in oil and gas 
production by 2030, with 3.2 million barrels per day and 4.8 million barrels of oil equivalent 
per day (boe/d) for oil and gas respectively. It was also emphasised that modifications in 
existing extraction technology would only be required and not new solutions. Since then, 
Royal Dutch Shell has put a hold on further offshore development at the Burger J wells in the 
Chukchi Sea resulting in $2.6 billions charge against 3rd quarter 2015 profits, [175]. Political 
sanctions have also forced Exxon Mobil to exit from Russian Arctic exploration. Exxon, 
Chevron and BP’s also decided to exit the Canadian Arctic due to low oil prices and 
insufficient exploration time in lease arrangements, [176].  

[177], assumed $40 / boe and $120 / boe and predicted that by 2030 Arctic oil will account 
for 11% and 5% of the global production in the low and high oil price scenario. The same 
work, predicts an increase in global gas production outside the Arctic leading to a 
considerable drop in the Arctic’s share in global gas production from 21% in 2008 to 9% in 
2030. In addition, the remoteness of gas resources will have a drastic negative effect due to 

Figure 33: Number of marine fish species 
(‘stocks’) currently harvested by industrial fisheries 
in the Arctic Ocean and adjacent seas; AOAS in the 

inserted map. Source, Christiansen et al. (2014) 
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high transportation costs. The geology of the Arctic adds further to the challenge of 
extracting oil and gas from the area. In particular, ‘the complexity of developing the 
Novoportovskoye field is the result of low-permeability reservoirs and multiple tectonic 
abnormalities, leading to the significant disconnection of deposits segregation of deposits, 
together with a significant gas cap’ and cutting-edge drilling technologies were developed to 
brought hard-to-recover reserves into production, Gazprom-Neft, [178]. 

However, more recently, BP and Rosneft have agreed in a joint development of the 880 
billion m3 gas reserves of Kharampursky and Festivalny, [179]. The latter $6 billion venture 
is excluded from U.S. sanction, which target particular types of deposits (shale) and 
extraction techniques (hydraulic fracturing), [180]. Along similar lines, a Statoil – Rosneft 
cooperation targets the exploration of limestone deposits in the Russian Arctic. Attempting 
to offset the eminent depletion of the oil fields in western Siberia, Rosneft and its partners 
plan to invest approximately $8.4 billion by 2022 in developing Arctic Russia’s offshore 
energy. Russia’s strategic future goal is for the Arctic shelf to become the country’s most 
important source of hydrocarbons by providing between 20% and 30% of the Federation’s 
total oil production by 2050, [181].     

Currently, Prirazlomnoye is the only offshore platform in the Russian Arctic, located on the 
Pechora Sea shelf 60 kilometres off the shore at a water depth of 20 meters. The platform is 
operated by Gazprom Neft and produces about 52,000 barrels per day. Nonetheless, in 2017 
and following the successful drilling of the Tsentralno-Olginskaya-1 well Rosneft announced 
the discovery of a new Arctic oil field. Released along with this announcement by Rosneft, a 
note for editors stated, ‘The Company is not intended to slow down the pace of works, and 
in the period from 2017 to 2021 investment volumes are to grow two and a half times up to 
250 billion roubles. In 2016, Rosneft preformed an impressive volume of the integrated 
subsurface studies in complex Arctic and sub-Arctic environments…. As a result, an area of 
over 0.8 million km2 at the Russian shelf was explored….The company now has 11 
structures which are up for well drilling.’ Rosneft informs on its website	
https://www.rosneft.com/press/releases/item/186997/.  

With projects like the Tsentralno-Olginskaya-1, Russian companies illustrate their growing 
ability to carry on with Arctic oil and gas exploration despite the 2014 US and EU imposed 
suction. Rosneft continues its exploratory work to the Barents Sea and has plans to extend to 
the Kara Sea soon after, [182]. In addition to Russian Arctic oil potential, “with remarkably 
low upstream costs, Yamal LNG is one of the world’s most competitive LNG projects and it 
will contribute to the Group’s gas production for many years…We will keep developing new 
LNG projects in the Russian Arctic with our strategic partner Novatek, as illustrated by the 
recent announcement of our entry in Arctic LNG 2 with 10% direct working interest.” Said 
Patrick Pouyanné, Chairman and CEO of Total. 

The onshore Yamal LNG project is developing the 4.6 billion barrels of oil equivalent of 
reserves (boe) from the onshore South Tambey gas and condensate field, located on the 
Yamal Peninsula. Yamal LNG’s infrastructure includes an integrated gas treatment and 
liquefaction facility, three trains of 5.5 million tonnes per year capacity each, storage tanks, 
and port and airport infrastructure. Project stakeholders include Novatek (50.1%), Total 
(20%), China National Petroleum Corporation (CNPC, 20%) and China’s Silk Road Fund 
(9.9%). 

For the next 15 to 20 years, all of Yamal LNG’s production is set to be sold to customers in 
Europe and Asia, [183]. As China is pushing forward the transition from coal to gas, Asia has 
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the potential to drive the future demand in LNG imports [184], and Russia is targeting to 
challenge Qatar and Australia as the world leaders in LNG exports, [185]. Yamal LNG, is 
Russia’s second operating LNG export facility after Sakhalin and Novatek’s – Russia's largest 
independent natural gas producer – turning it from a domestic to a global LNG gas provider.  

Between December 2017 and April 2018, 25 cargos carrying approx. 1.5million tonnes of 
LNG have been shipped from the Sabetta port using Arc7 ice-class tankers. According to 
Novatek, the ramp-up of the first LNG train at Yamal LNG was achieved as planned, securing 
the provision of gas supply to key markets during an excessively cold period. Nonetheless, 
Wood Mackenzie questions both the means to ramp up Yamal LNG’s production and its 
impact on the global LNG market, [186].  

The European demand for LNG strongly depends on the price of Russia’s (Gazprom’s) gas, 
with high gas price driving the demand for LNG upwards, [187]. [188], point out that Europe 
tends to act as the market of last resort for LNG suppliers and therefore the key markets for 
LNG are in Asia. China is potentially the most important among the Asian LNG markets, due 
to its economic growth and the aforementioned coal displacement policies, and LNG imports 
by 2030 are projected within a wide range of 75-105 Bcm, [188]. Increasing dependence on 
nuclear power will likely affect the demand for LNG in Japan and South Korea will India, 
Pakistan, Bangladesh and Vietnam are countries with potential but the unpredictability of 
future government policies constitutes the forecasts of LNG demand by 2030 as being highly 
subjective, e.g. [189]. Fluctuations between high and low demand in the Asian markets can 
potentially create significant or marginal surplus in the LNG supply available to Europe from 
2019 and onwards, [188], thereby affecting activity in Arctic shipping routes.    

To meet with a potential increase in the demand for LNG, Novatek and Total envisage the 
construction of Arctic LNG 2 in the Gydan peninsula. The Arctic LNG 2 project will include 
three LNG trains at 6.6 million tonnes per annum each, or 535,000 barrels of oil equivalent 
per day, using gravity-based structure (GBS) offshore platforms in the Ob Bay. Similarly, to 
Yamal LNG, Arctic LNG 2 ice-class LNG carriers using the NSR will be used to deliver the 
production destined for Asia. According to Total, the final investment decision is expected in 
2019, with plans to start up the first train by end 2023, [190]. It is, however, noteworthy that 
upon presenting positive financial and operational results for the first quarter of 2018 
Novatek highlighted the negative impact of the threat for further sanctions by the US 
Treasure Department and the Office of Foreign Assets Control to the investing climate.  

Fluctuations in demand between markets and in the price of oil and gas, investments in 
alternative energy resources, the constantly changing regulatory environment and public 
concern about potential environmental disasters in the Arctic area, all endanger the 
economic viability of Arctic oil and gas investments, [191]. Tensions between nations have a 
similar, negative effect in Arctic petroleum investments; Henry Foy states in the Financial 
Times, Arctic offshore projects were hit the hardest by 2014 U.S. and EU sanctions, [192].  

Sanctions aside, oil price and competition from lower cost resources have been identified as 
the two predominant constraints to widespread development of Arctic resources, [193]. In 
particular, Arctic oil extraction is likely to be economically sustainable if prices stay above a 
$55-$60 a barrel limit. At this price level, however, the cheaper gas exported from 
conventional sources like Australia and Qatar, and new gas streams from new suppliers (e.g. 
at the Mediterranean or Africa) and / or unconventional sources of gas will strongly 
challenge the competitiveness of Arctic gas investments. The U.S. technological advances in 
shale gas extraction has created a new and unconventional source. In a discussion of 
America’s perspective on the future of Arctic oil and gas development, held at the 2013 North 
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Pacific Arctic Conference, Lucian Pugliaresi stated ‘We are at the early stages, but the 
progression of technology suggests that these new resources (reserves of shale gas) will be 
an issue of competition for Arctic resource development. These developments will likely 
postpone major development of Arctic resources to a much later date, i.e., outside of some 
unique high-value opportunities in Alaska or offshore Norway--and even these are likely to 
move very slowly now. In addition to price and cost risks, the development of the U.S. 
Arctic faces regulatory risks.’  

Indeed, oil and gas exploration in Chukchi Sea was emerging but the ‘Obama Moratorium’ 
and NGOs have raised obstacles, e.g [194]. On the contrary, Norway continues active 
licencing in the North. License blocks awarded in 2016 extend beyond the Polar Code limit 
area, in the freezing zone, [195]. Russian companies are also determined to continue with the 
exploration for Arctic offshore oil resources, [196]. The Russian Federation has therefore a 
strategy to move the oil and gas production further North, with a consequent increase in the 
need for Arctic transports.  

LNG carriers will likely dominate the future of Arctic shipping. Sabetta LNG export terminal 
started operation in 2017 and LNG shipments ramp-up faster than expected, [197]. New 
trans-shipment technologies have enabled industrial shuttle export systems along the 
Northern Sea Route (NSR), [198]. ‘Once in full swing, the Yamal LNG transport system has 
the potential to convince the world shipping community on regular services on the NSR’, 
said Mikko Niini -Chair of the AEC Maritime Transportation WG and Chairman of Navidom 
LTD – during his presentation in the 2018 “Current Policy and Operational Issues in Arctic 
Shipping Safety and Environmental Protection” workshop, at Brussels.	 

Nonetheless, the possibility of despatching oil from the Novoportovskoye field via the 
Northern Sea Route has also been explored by Gazprom Neft. The first summer shipment of 
oil from the Novoportovskoye field by tanker took place in August 2014, with the first winter 
shipment by sea taking place in February 2015. The Arctic Gates oil transhipment terminal 
was commissioned in May 2016, able to ship up to 8.5 million tonnes of crude per year, 
[198].               

Minerals and metals: According to the director of the Geological Survey of Norway, 
Morten Smelror, the interest for Arctic mineral and metal resources is expected to increase 
in the future, [200].  driven by a demand for, e.g., diamonds, uranium, nickel, platinum and 
mostly for rare earth elements. Extraction of Arctic cobalt and lithium, for example, could 
increase substantially due to a boost in demand for high quality batteries with practical 
applications ranging from vehicles to portable devices.   

The expectation for a strong growth in Arctic mining activity is predominately motivated by 
the retreating ice patterns providing access to undiscovered and untapped resources in 
Alaska, Arctic Canada and in Greenland, e.g. [201]. Longer operational seasons are also 
expected to reduce the financial risk of investments in new mines. In contrast, trends in 
mining activities in mature Arctic regions, like the Scandinavian countries, are found to be 
static or even declining, [202].     

Arctic mine exploration and development, and shipping technology are mature enough to 
support new investments in Arctic mining. Since January 2009, the Russian Norilsk Nickel 
has a fleet of six double-ended ice class ARC 7, DASTM vessels in service. The ships operate 
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year-round between Dudinka and Murmansk 
without the assistance of an ice-breaker leading 
to a considerable reduction in shipping costs. In 
Arctic Canada, more than 30 mining prospects 
and potential shipping routes have been 
identified, Figure 40. High powered ships like 
the ‘Umiak’, already serve Canadian mines, 
shipping from the Baffin Island approx. five 
million tonnes in a summer.  

Climate change and lack of infrastructure 
continue to challenge any future investment in 
Arctic mining. In particular, methane release 

from thawing Arctic gas hydrates is a major 
concern for offshore Siberia, [203]. Oil and gas, 
and mining operations in the Arctic can be 
significantly affected; fatal incidences in Russian 

mines have occurred as recently as in February 2017 at Severnaya coal, [204]. More 
specifically, the thinning of the ice sheet and permafrost decreases the pressure on pockets of 
hydrates located in the seafloor leading to explosive blow-outs, [205]. The phenomenon is 
accelerated by the rapid increase in Arctic temperature, e.g. [206].                            

In addition, the melting permafrost leads to soil instability, while high temperatures have 
already reduced access to ice roads from 200 days in 1970 to 100 days in 2008, [207]. 
Shipping could offset limited access to ice roads but the need to develop the required 
infrastructure has the disadvantage of increased cost in both the development and operation 
of a mine. Hazardous conditions for shipping are also produced by increases in ice-bergs and 
rapidly changing weather and hydrodynamic conditions.  

Ultimately, climate change effects and infrastructure availability vary greatly between Arctic 
areas, while long-term prices of metals and mineral used in the investment planning stages 
are relatively stable. Therefore, future trends in mining of Arctic areas will strongly depend 
on the presence or absence of infrastructure but also on the local influence of climate change 

Fisheries: Climate change is associated with a variety of impacts on Arctic fisheries. Sea ice 
retreat and changes in the water temperature and ocean currents have already resulted in a 
shift in species distribution in, e.g., the Bearing Sea, e.g. [208]. Nonetheless, the climate 
change effects on the productivity of Arctic ecosystems, the establishment of new migrating 
species, as well as on the evolution of the Arctic ecosystem overall remain unclear. According 
to the Arctic Climate Impact Assessment, “…it is not possible to predict the effects of climate 
change on marine fish stocks with any degree of certainty and so the eventual socio-
economic consequences of these effects for Arctic fisheries.’’ and fishery policies and their 
implementation is likely to have a stronger effect on fish stocks than climate change, [209].  

In 2017, the Arctic nations, China, Japan, South Korea and the European Union have agreed 
to place the central Arctic Ocean, approx. 2.8 million square kilometres of international 
waters, off-limits to commercial fishers for the next 16 years. The delegation also agreed to a 
joint programme of scientific research and monitoring of Arctic fish stocks. This recent 
agreement outlining the future of fishing in the Arctic ocean basin is called the “Agreement 
to Prevent Unregulated High Seas Fisheries in the Central Arctic Ocean.’’  

Figure 34: Mining projects in the Canadian 
Arctic and shipping routes (in red) to Europe, US, 
and Asia. Source, Minerals and Materials Sector, 

Natural Resources Canada. 
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l. Shipping in the Arctic: Challenges and obstacles  

Polar waters present some unique challenges to ships, from the obvious technical challenge 
of designing ships strong enough to operate in ice, to operational challenges such as dealing 
with accidents in remote areas that lack fully developed infrastructure. Several of the 
challenges and obstacles that Arctic shipping currently faces and may face in the future are 
discussed in this section alongside solutions that have been or are currently being developed. 

Weather and sea ice: Weather conditions in the Arctic can be harsh and unpredictable. 
The most obvious unique aspect of Arctic weather is the temperature which can drop below 
50°C. Alongside this the sea is covered by ice for most of the year, and in those months when 
the sea is not completely covered, free floating icebergs pose further risk, causing numerous 
issues for ships operating here. The two major impacts of cold weather on the naval 
architecture of a vessel relate to hull structures and stability, although impacts also extend to 
operational, environmental and safety aspects.  

Ice, particularly multiyear ice is hard and unyielding, therefore ships that impact floating sea 
ice or try to force their way through sheet ice require significant hull and machinery 
reinforcement to cope, and ships of lower reinforcement will need to be escorted by 
icebreakers for operations during much of the year. Both building ice class ships and 
employing the services of an icebreaker can significantly increase the cost of operating in 
polar regions. 

By mid-21st century the Arctic Ocean will experience longer summer seasons but it will also 
feature more fragmented thinner sea ice, stronger winds, ocean currents and waves. 
Considering a ‘business as usual’ emission scenario, Aksenov et al. (2017) predict an average 
increase of 50% in winter wind speed and 100% in significant wave height in the Ocean. In 
the same study, a storm event which occurred in August 2012 was also used the importance 
of increased wave action. High amplitude surface waves can eventually break up the ice into 
smaller floes. This in turn reduces sea ice related risks and as a direct consequence, the 
future possibility of navigating Arctic routes without icebreaker escort increases.  

In the absence of sea ice, surface currents will become the most influencing factor for 
shipping safety, speed and fuel consumption. Ice-class vessels achieve optimum performance 
in conditions with sea ice present but their performance in conditions with increasing sea ice 
free days is not yet fully explored and understood. In this new Arctic scenery, marine hazards 
are not necessarily reduced. The likelihood of more of Greenland’s icebergs and / or pieces of 
multiyear sea ice floating the Arctic routes in the next 20 to 30 years is forecasted to increase 
therefore increasing the chances of collision related accidents, see also [210]. Currently, ice 
and waves at the transition point between the open ocean and sea ice limit - usually referred 
to as the Marginal Ice Zone (MIZ) – are not adequately forecasted. Reliable and accurate 
forecasting and monitoring service are needed to achieve safer navigation in future Arctic 
routes, see for example the EU Project ‘Ships and Waves Reaching Polar Regions’ 
(http://swarp.nersc.no/).       

Higher winds and waves, also increase the danger of sea spray, which in combination with 
the low temperatures cause ice to form on a ship’s superstructure (icing); humidity in the air 
and or from freezing rain are additional sources of icing. This extra weight on the 
superstructure can be substantial, raising the centre of gravity and degrading the stability of 
the vessel, at times to the point of capsize. Icing has already caused numerous ship accidents 
and shipwrecks on the NSR, [211]. Even if the effect of ice formation is not this drastic, it can 
create slippery deck surfaces that present a real danger to the crew who may have to move 
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around on deck in all weathers and sea conditions. Icing can also: cover radar and antennas, 
block through-hull fittings, and impair the operation of safety equipment. At present, the 
methods used to remove ice accretion are primitive - from hammering the ice off to using 
heating systems to keep critical areas ice free – it is clear that better technologies are 
required. 

Environment: The Arctic is home to breeding grounds, feeding grounds, and migratory 
routes of numerous species of bird, fish, marine mammal, and other. Examples of wildlife 
indigenous to migrating to and from the Arctic include polar bears, bowhead whales, 
narwhals and beluga, grey whales, and seabirds, e.g. Audubon Alaska, Ocean Conservancy, 
Oceana, Pew Charitable Trusts, World Wildlife Fund (2016), [212] and [213].  

Historically, Arctic marine wildlife and the local ecosystem have demonstrated a noteworthy 
resilience to natural variability. The potential for increased shipping activity in the future is, 
however, associated with newly imported risks to the Arctic ecosystem. Risks related to 
accidental discharge of oil or other pollutants, emissions of gases and particulate matter, and 
discharge of waste to the water. Whales and other marine mammals, are particularly 
sensitive to underwater noise pollution, the introduction of invasive alien species, and ship 
collisions. Detailed information on the status and threats to Arctic marine mammals can be 
found in the Arctic Council’s State of Arctic Marine Biodiversity Report (2017), [214].  

Therefore, additional challenges for the future of Arctic shipping stem from the multilevel 
and, potentially, devasting effects such activities may induce to the local ecosystem. As a first 
level example, the flora and fauna itself would suffer, if an oil spill occurs at a time when 
species are gathering to make the most of the short Arctic summer in order to feed or breed, 
populations could be drastically affected. Such effects vibrate to a higher level in the socio-
ecological systems of the region, due to the tight connection between Arctic communities and 
the local environment, [215]. A more complete overview of environmental impacts associated 
with Arctic shipping has been published by PAME (2009), [216]. More recently the Arctic 
Council has identified marine areas of heightened ecological and cultural significance,	
AMAP/CAFF/SDWG	(2013), [217], but the potential effect of this identification to the future of 
Arctic shipping has yet to be explored.  

Given the complex Arctic dynamics, exploring further and in the future resolving such 
challenges requires scientific and socio-economic feedback and contributions, see [218]. For 
example, the use of Heavy Fuel Oil (HFO) in the Arctic will, most likely, be prohibited by the 
IMO from 2021 and onwards, [219]. IMO deems this ban a necessary precaution in order to 
not only reduce the risk of oil spills but to also decrease vessel generated emissions. Albeit its 
environmental and socio-economic benefits, the HFO prohibition is not expected to come 
toll-free. For 2021 alone, ban-related costs have been estimated between four and twenty-
one million dollars, or 3 to 18% increase in the fleet’s fuel expenditure, depending on the 
bunker fuel prices, [220]. The same authors have also calculated an HFO-ban related 
increase of 0.2 and 0.5% in the average import and export prices for consumers in North 
Canada and Greenland, respectively. On the other hand, newly build Arctic vessels, like the 
‘Christophe de Margerie’, run on LNG in addition to light or heavy fuel oils. Thus, the effect 
of the HFO prohibition in long-term projections of shipping activities in the Arctic is not as 
straight forward and has yet to become fully assessed with confidence.    

Navigation & Communication: The Arctic holds unique challenges for navigation and 
communication systems. Traditionally, ships made use of sextant and compass for 
navigation, however, nowadays many shipboard navigation and communication systems 
make use of satellite-based communications along with high frequency radio for contacting 
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shore. Unfortunately, the environment in the Arctic poses challenges to all of these 
technologies, from magnetic interference due to proximity to the magnetic pole, poor 
satellite coverage due to the nature of satellite orbits, to radio interference from solar 
activity. These issues mean that systems that have become industry standard for shipping in 
most parts of the globe are less effective in the high latitudes. Systems such as Automatic 
Ship Identification (AIS), Global Maritime Distress and Safety System (GMDSS), and Global 
Positioning System (GPS), as well as satellite-based systems for receiving weather 
information, all rely on sufficient satellite coverage. The technical obstacles to successful 
navigation and communication are also compounded by the lack of accurate, reliable charts 
with some charts in use relying on very old data, and the fact that much of the Arctic is far 
from shore means that many of these systems cannot be replaced with shore-based 
solutions. 

In 2009, a workshop considering a roadmap for the future Arctic shipping was organised by 
the University of Alaska Fairbanks and the University of the Arctic Institute for Applied 
Circumpolar Policy. It was concluded, ‘that the Arctic states should support continued 
development of a comprehensive Arctic marine traffic awareness system to improve 
monitoring and tracking of marine activity, to enhance data sharing in near real-time, and 
to augment vessel management service in order to reduce the risk of incidents, facilitate 
response and provide awareness of potential user conflict. The Arctic states should 
encourage shipping companies to cooperate in the improvement and development of 
national monitoring systems.’, [221]. 

Currently, the Arctic Council has turned its focus on improving the telecommunications 
capabilities in the Arctic. Driven by the Finish government, which holds the chairmanship of 
the Arctic Council between 2017 and 2019, the ARKKI project aims to identify the most 
significant challenges that are faced in navigation and geospatial information-based 
applications in Arctic areas, and then to develop a roadmap for recommending pan-Arctic 
solutions to the identified challenges, Arktisen navigoinnin haasteet Challenges in Arcrtic 
Navigation, see e.g. https://arkki-project.org.  

The EU is expected to have a considerable role in improving the future of navigation and 
communication in the Arctic. During Challenges in Arctic Navigation workshop, held in Olos, 
Muonio, Finland on April 2018, Gian Gherardo Calini, the GSA’s Head of Market 
Development, stressed that ‘regarding the specific challenges posed by the Arctic region, the 
Commission is in open dialogue with countries in the region to establish priorities. He said 
that Galileo provides good service overall in both navigation and SAR, and that, in 
combination with GPS and GLONASS, it would offer excellent service.’, see e.g. 
http://www.gsa.europa.eu. Along similar lines, the Canadian Space Agency is developing the 
Polar Communications and Weather satellite (PCW) mission, while Russia has proposed and 
developing the Arktika satellites, a satellite network dedicated to monitoring of the Arctic, 
e.g. [222] and [223].  

Geography: The geography of the Arctic poses some unique challenges to shipping. It is 
remote, very shallow in places, and presents several chokepoints that ships must pass 
through. The Northwest Passage is a good example, with extremely complex geography, 
being made up of straits through the Canadian Arctic Archipelago that are at times both 
narrow and shallow. These straits are easily clogged by free floating ice, and are still 
insufficiently surveyed, presenting the very real risks of grounding or becoming stuck in ice. 
The Northern Sea Route (NSR) presents a less complex situation yet has several choke 
points, where ships must pass through shallow straits between islands and the Russian 
mainland, unless the ship is escorted by icebreaker or ice is sufficiently sparse that they can 
pass to the North of the islands avoiding the chokepoints.  
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Many parts of the Arctic are also remote from infrastructure such as shipyards, search and 
rescue (SAR), deep water ports, and oil spill response facilities, see also previous sections in 
this report. This creates a challenge to safe shipping and speedy response to accidents. 
However, work is being done to improve the situation. In 2013, member states of the Arctic 
Council signed an agreement on Cooperation on Marine Oil Pollution Preparedness and 
Response in the Arctic, [224] and [225], and in 2011 signed the Agreement on Cooperation 
on Aeronautical and Maritime Search and Rescue in the Arctic, SAR Agreement, Arctic 
Council (2017). Russia has also committed to open over 10 emergency rescue centres along 
the NSR by 2020 as traffic along this route is hoped to grow in the future, [226]. 
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Future trends: Survey results   
Summary results of the responses received to the questions of each questionnaire are 
presented here. Each question is presented first, the figure showing the percentage of the 
participants selecting a specific answer follows, and an overview interpretation of the 
responses collected is then given. Specifically, for questions where the participants are asked 
to rank the influence / importance of various factors / scenarios a simple ranking number (R 
) is added to assist with the illustration of the outcomes. This number is calculated as: 

𝐑 = 	𝐚𝐢 ∗ 𝐢
𝐧

𝐢)𝟏

 

Where, 

𝐚𝐢 : is the % of participants assigning the specific score (i) to the specific factor / scenario, 
and, 

n = 1, 	2, … , 5 

I. Arctic Climate Change 

Q1. Current Green House Gas (GHG) emissions may lead to higher Arctic temperatures, and 
thus to faster sea ice decline, than predicted by today’s climate model simulations with the 
RCP8.5 emission scenario. Rank the effect of the following GHG emission control scenarios 
on likely Arctic sea-ice decline by 2050. 

 

Q1, overview: Any GMG scenario other than strict control of emissions results in faster sea 
ice decline. 
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Q2. What type of inter-annual variability of Arctic sea-ice extent would be expected by 2050? 

  

Q2, overview: High to extreme inter-annual variation is expected for the extent of the sea ice. 

Q3. By 2050 wave and current conditions in the Arctic will: 

 

Q3, overview: Wave and current conditions will intensify (to strongly intensify).  
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Q4. By 2050 the mobility of the Arctic sea-ice will:  

 

 

 

 

 

 

 

Q4, 
overview: Sea ice mobility will intensify (to strongly intensify). 

Q5. How reliable are the seasonal forecasts (3-6 months ahead) of sea-ice climate conditions 
(sea-ice extent and ice type)? 

 

Q5, overview: Seasonal forecasts (3-6 months) of sea ice climate conditions are, in principle, 
considered unreliable. 
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Q6. With 5 being the strongest and 1 the weakest, rank the influence of the following factors 
on the current accuracy of seasonal Arctic sea-ice forecasts? 

 

 

Q7.  With 5 being the strongest and 1 the weakest, rank the influence of the following factors 
on the current accuracy of 7-day sea ice thickness forecast 

 

 

Q6 and Q7, overview: The accuracy of seasonal sea ice forecasts and sea ice thickness 
forecasts is limited primarily due to the lack of in-situ data and then due to the lack of 
scientific knowledge in climate mechanisms (and their interaction with sea ice), and research 
funding. Computational power it is not an obstacle.   
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Q8. Is increased shipping activity through and in the Arctic expected to affect sea-ice 
conditions? 

  

Q8, overview: In the future, increased shipping activity is not expected to have a strong 
impact on sea ice conditions. It is, however, unclear if it will accelerate the decline of the sea 
ice or if it will not have any effect at all.  

Q9. In 2009 the Arctic Council outlined the following scenarios (Figure 1) for the future of 
Arctic shipping by 2050. 1. Select the scenario you see unfolding at present and 2. select the 
scenario with the highest likelihood by 2050.Figure 1: Source: Arctic Marine Shipping 
Assessment of the Arctic Council's Protection of the Arctic Marine Environment Working 
Group. (2008) The Future of Arctic Marine Navigation in Mid--Century: Scenario Narratives 
Report. p.5 

  

Q9, overview: Present: Unclear, with results balancing between the Arctic Saga and Polar 
Lows scenarios. Future: Between Arctic Saga and Polar Preserve 
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II. Arctic Trade 

Q1. For the three Arctic routes, with varying ice scenarios, assess their influence on potential 
trading increases. NSR: Northern Sea Route, NWR: North-West Route, TSR: Transpolar Sea 
Route. 

 

Q1, overview: In the future, longer sailing seasons and possible ice-free periods in the NSR 
will have the strongest contribution to increasing trading activities in the Arctic. This 
contribution is rivalled only by the possibility of a seasonally ice-free TSR.   

Q2. What change in level of activity is expected in the Arctic by 2050 for: 
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Q2, overview: In the future, the highest increase in the level of activity is anticipated for 
cruise shipping, followed closely by destination and transit shipping activities.  

Q3. On a scale of 1 to 5, with 1 representing no use and 5 intense use, assess the utilisation 
level per Arctic route for destination shipping by 2050: 

 

Q3, overview: The NSR will be the route used the most in the future, with it becoming even 
more dominant in the case of ice-free conditions. The NWR will never become strongly 
competitive to the NSR, in terms of use. Practically, only a seasonally ice-free TSR and / or 
NSR may offer a marginally alternative, in terms of attractiveness, route to the NSR.      

Q4. On a scale of 1 to 5, with 1 representing no use and 5 intense use, assess the utilisation 
level per Arctic route for transit shipping by 2050: 
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Q4, overview: Transit shipping, will be mostly conducted through the NSR. Utilisation levels 
for the TSR and the NWR will increase only if seasonally ice-fee periods appear. 

Q5. On a scale of 1 to 5, with 1 representing no use and 5 intense use, assess the utilisation 
level per Arctic route for fishing by 2050: 

 

Q5, overview: In the future, fishing activities will (continue to) be conducted in areas lying 
outside any of the routes. 

Q6. On a scale of 1 to 5, with 1 representing no use and 5 intense use, assess the utilisation 
level per Arctic route for cruising by 2050: 
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Q6, overview: The NSR and the NWR will be the routes used most by cruise ships. 

Q7. Assess the potential influence of the following factors on Arctic trading over the next 30 
years. 

 

Q7, overview: Arctic trading will be mostly driven by: the price of natural resources, global 
economic growth, and the abundance of resources in the Arctic region. Accessibility to these 
resources and political stability between the Arctic Nations will not be as influential as the 
three aforementioned factors. Global political stability will have the weakest influence on the 
future of Arctic trading.  

Q8. Assess the potential attractiveness per type of cargo of using Arctic routes for transit 
shipping. 
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Q8, overview: Transit shipments will mostly include: Gas (LNG), oil, bulk and specialised 
cargo (e.g. reefer, or equipment like components for offshore wind turbines). 

Q9. Assess the potential attractiveness per type of cargo of using Arctic routes for 
destination shipping. 

 

Q9, overview: Destination shipments will mostly include: gas (LNG), oil, bulk. Specialised 
cargo will be slightly less attractive for destination shipping than it is for transit shipping. 

Q10. Assess the potential influence of the following technological outcomes on Arctic 
shipping over the next 30 years. 
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Q10, overview: In order of increased influence, the technological outcomes likely to influence 
the future of Arctic shipping are: 1. the experiences gained from the Yamal LNG system; 2. 
the development of enhanced navigational awareness systems for tactical navigation in 
Arctic ice; 3. the development of de-icing solutions and the optimised provision of 
navigational assistance for Arctic ice barriers; 4. the provision of real-time and whole Arctic 
weather forecasting and finally; 5. the provision of enhanced ship hull/system performance 
awareness for tactical navigation in Arctic ice. 

Q11. In 2009 the Arctic Council outlined the following scenarios (Figure 1) for the future of 
Arctic shipping by 2050. 1. Select the scenario you see unfolding at present and 2. select the 
scenario with the highest likelihood by 2050.Figure 1: Source: Arctic Marine Shipping 
Assessment of the Arctic Council's Protection of the Arctic Marine Environment Working 
Group. (2008) The Future of Arctic Marine Navigation in Mid--Century: Scenario Narratives 
Report. p.5 

 

Q11, overview: Present: Unclear, with results spanning the Polar Preserve, Arctic Saga, and 
Polar Lows scenarios. Future: Arctic Saga   
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III. Arctic Resources 

Q1. According to USGS undiscovered deposits are estimated to be approx. 5.9% and 24.3% of 
the world’s known oil and gas reserves respectively. With regards to non-fuel minerals, the 
estimated value of mineral reserves in the Russian Arctic alone are estimated to be approx. 
two trillion US dollars. Do you consider these estimations accurate? 

 

Q1, overview: It is expected that more than 5.9% and 24.3% of the world’s oil and gas 
reserves is located in undiscovered Arctic deposits.  

Q2. With 5 being the highest and 1 the smallest, identify the extend of exploitation for the 
following Arctic resources by 2050 
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Q2, overview: Gas and tourism will become the most exploited of the Arctic resources. Wild 
fish stocks, oil and non-fuel minerals will follow.  

Q3. Categorise the influence level the following financial factors are expected to have on the 
exploitation of Arctic resources by 2050 

 

Q3, overview: The extent to which Arctic resources will be exploited in the future will be 
dictated by the prices of oil, gas and other natural resources, while the growth rate of the 
global economy will also have a considerable influence.  

Q4. Categorise the influence level the following political factors are expected to have on the 
exploitation of Arctic resources by 2050 
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Q4, overview: Global policies for de-carbonisation and future Arctic State policies for 
resource extraction will be the political factors with the highest influence on the exploitation 
of Arctic resources. Non-Arctic nations with policies which encourage the extraction of 
resources will likely be influential as well. In contradiction, territorial claims and dispute are 
not expected to have any considerable influence.  

Q5. With 5 being the highest and 1 the smallest, identify the likelihood of a treaty similar to 
the 1959 Antarctic Treaty: ‘Recognizing that it is in the interest of all mankind that Arctic 
(originally: Antarctic) shall continue for ever to be used exclusively for peaceful purposes and 
shall not become the scene or object of international discord’ for the Arctic. 

 

Q5, overview: It is unlikely that a Treaty similar to the 1959 Antarctic Treaty will be signed 
for the Arctic.       

Q6. How likely is it that public concern about potential environmental impacts will have a 
restraining effect on the exploitation of Arctic resources? 

 

Q6, overview: Public concerns about the protection of the Arctic environment will likely 
affect the exploitation of Arctic resources.  
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Q7. What level of new infrastructure building, including ship building, will be required to 
meet the future exploitation of Arctic resources? 

 

Q7, overview: On average, a high level of new infrastructure is required to meet the demand 
arising from the future exploitation of Arctic resources.   

Q8. In 2009 the Arctic Council outlined the following scenarios (Figure 1) for the future of 
Arctic shipping by 2050. 1. Select the scenario you see unfolding at present and 2. select the 
scenario with the highest likelihood by 2050.Figure 1: Source: Arctic Marine Shipping 
Assessment of the Arctic Council's Protection of the Arctic Marine Environment Working 
Group. (2008) The Future of Arctic Marine Navigation in Mid--Century: Scenario Narratives 
Report. p.5 

 

Q8, overview: Present: Unclear, with results spanning all four scenarios. Future: Unclear as 
well, with results excluding only the Polar Lows scenario.  
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IV.    Summary 

By 2050, the decline of Arctic sea ice will continue and it will maybe intensify, unless stricter 
regulations on the control of GMG are implemented. As a direct consequence, wave and 
current conditions, and ice mobility will intensify thereby increasing the hazards to ships 
sailing in the region. The Arctic Ocean is also expected to experience a strong inter-annual 
variability in the sea ice coverage. Future research will likely target the acquisition and 
analysis of in-situ data in order to improve the accuracy and reliability of seasonal (three to 
six months) forecasts for sea ice extent and thickness. Advancing current scientific 
knowledge on ice-physics, and the behaviour of ice in a changing climate and world, will not 
only assist with the improvement of forecasts but also with the identification and prediction 
of environmental impacts induced by future shipping activity in the area.    

The likely increase in Arctic trading in the future will be dictated by economic factors and the 
discovery of richer than predicted so far gas, oil, and non-fuel mineral deposits. Under a 
favourable financial environment, gas (LNG), oil and bulk will be the most attractive cargo 
for destination and transit shipments. Even then, however, global policies on de-
carbonisation will influence the widespread of Arctic shipping even if Artic and non-Arctic 
Nation policies encourage the exploitation of the resources found in the region.    

Longer summers and ice-free periods in the NSR will result in increasing trading activities. 
NSR will be the preferred route for destination and transit shipping but the NWR will be an 
equally popular route for cruise ships; the number of which (cruise ships) is expected to 
increase in the future. On the other hand, the utilisation of the TSR will remain limited, 
unless prolonged ice-free periods occur before 2050. Although not unlikely, such periods are 
not expected to occur frequently in the future due to, e.g., the strong inter-annual variation 
in the extent of sea ice.      

Before the exploitation of Arctic resources and, along with it, shipping in the area start to 
peak, considerable investments in new infrastructure are necessary. Public environmental 
concerns are also expected to keep the requirement for safe(-r) Arctic seaways high on the 
agenda of Arctic and non-Arctic nations. Gaining experiences and learning lessons from the 
Yamal LNG system, will be a valuable but not adequate condition for securing the safety of 
Arctic seaways. Enhanced navigational awareness systems, new de-icing solutions, and the 
consideration of real-time and whole Arctic forecasts in conjunction with ship hull/system 
performance monitoring systems, are all required to de-risk Arctic travels in the future.  

To reflect the prospects and challenges for development of the Arctic region, the Arctic 
Council proposed four different scenarios in 2009. Nearly 10 years later, a consensus is not 
observed among the survey participants regarding the scenario unfolding at present but a 
clearer picture is drawn for the future. When all responses are considered collectively, Figure 
35, then Arctic Saga is the scenario with the highest likelihood for the future of Arctic marine 
navigation in 2050. Under such a scenario, Arctic resource will be on high demand and 
Arctic shipping will flourish with respect to the preservation of Arctic ecosystems and 
cultures. In the same time, however, an uncontrolled rush for Arctic wealth and resources, 
Arctic Race, is not ruled out.  
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Figure 35: Collective (from all survey participants) answers to the question, ‘In 2009 the Arctic 
Council outlined the following scenarios (Figure 1) for the future of Arctic shipping by 2050. 1. Select 
the scenario you see unfolding at present and 2. select the scenario with the highest likelihood by 
2050.Figure 1: Source: Arctic Marine Shipping Assessment of the Arctic Council's Protection of the 
Arctic Marine Environment Working Group. (2008) The Future of Arctic Marine Navigation in Mid--
Century: Scenario Narratives Report. p.5’. All the questionnaires are attached in the appendix at the end 
of the report.     
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‘what if’ scenarios 
SEDNA ‘what if’ scenarios for the future of Arctic shipping are identified in this section. 
Specifically, the collective answers of Figure 35 are first used to define the ‘what’. Then the 
‘ifs’ leading to this ‘what’ are outlined taking in consideration the survey summary and the 
literature review. Finally, these ‘ifs’ are linked SEDNA research with the ultimate aim to 
produce state of the art solutions to maritime operations under extreme conditions.    

To be more precise, the Arctic Race (the ‘what’) scenario is recognised as a plausible future 
for the Arctic. Although the latter is not the scenario with the highest likelihood to occur by 
2050, it does represent the worst case among the three most popular future scenarios for the 
Polar North. Thus, it does provide the outline of the extreme conditions, where high demand 
and unstable governance are projected to lead to a no hold rush for Arctic wealth and 
resources.      

In particular, survey participants recognise economic and political - either in the form of 
state policies or in the form of regulations – factors influencing the most the future of trade 
and resource exploitation in the Arctic. Gas and wild fish stocks will be at the top of the most 
exploited Arctic resources in the future, while the level of touristic activities will strongly 
increase as well. Additionally, yet undiscovered gas (and oil) reserves will likely be richer 
than current estimations predict. Therefore if:  

• oil and gas prices are high enough to support the export of the more expensive Arctic 
oil and gas, 

• oil price is high enough to lead to an increase in the demand for gas,  

• the growth rate of the global economy is adequately high to support investments in 
Arctic infrastructure but not to a degree where the potential cost benefits of the 
shorter Arctic routes can be ignored    

• de-carbonisation is not promoted through stricter regulations, including regulations 
for ship emissions, 

• Arctic and non-Arctic state policies encourage the extraction of resources from the 
High North, 

• initial economic gains form resource extraction and fishing, and increased touristic 
activity outweigh or obscure public view about dangers to the Arctic environment  

• tension between NATO and Russia builds up  

Then: 

• the demand for and thereby the exports of Arctic gas will increase rapidly, especially 
since it may be further supported by a future increase in the demand of Asian 
markets. An increase in demand for and exports of Arctic oil will likely follow, 

• global demand for precious materials and minerals will increase enhancing mining 
related (including shipping) activities in the Arctic, 

• the trade between Europe / America and Asia will increase, leading to more transit 
travels through the Arctic, 
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• increased traffic in conjunction with loose emission control will lead to a faster 
decline of sea-ice,  

• the use of the NSR will peak both for destination and transit shipping,  

• the use of the NWP will increase for destination shipping and cruises,  

• the interest for using the TSR will increase. However, if the requirement for ice-free 
conditions is taken in account then its use will likely be limited due to the high inter-
annual variation of sea ice extent and the lack of faith in seasonal forecasts, 

• isolating and separating trends may weaken the influence and operation of the Arctic 
Council. Increased use of the NWP may also fuel the U.S. – Canada disputes leading 
to additional isolation and separatism between the Arctic Council members.  

At the same time,  

• increased ice mobility will increase marine hazards,  

• intensified weather (wave and current) conditions will further increase hazards to 
shipping activities. To give an example, icing will become a more frequently occurring 
problem for ships sailing the ‘new’ wave-intense Arctic environment. The frequency 
of accidents - e.g. wave induced capsizing - among the fishing fleet vessels is likely to 
increase as well,       

• wide spreading of the experiences gained and lessons learned from operating the 
Yamal LNG system will be restricted,      

• high demand for using the Arctic routes in conjunction with weakened governance - 
due to, for example, a reduced role of the Arctic Council – will heavily pressurise SAR 
infrastructure and response times, and raise the likelihood for reduced inspection 
and monitoring in the Arctic routes. As such, more ships not complying with 
regulations may sail the Arctic and risks to the Arctic environment will increase,             

• in conditions of high demand, loose regulations for ship emissions, and high fuel 
costs, ship owners and operators will likely strive for short(-er) travel times.     

All the above, not only set the stage described by the Arctic Council as the ‘no hold barred’ 
rush for Arctic wealth and resources but also shape a strong trend of considerable 
environmental risk intensification. SEDNA research is, therefore, paying special attention to 
the development and / or optimisation of tactical navigation and route selection systems and 
de-icing solutions, as well as to the provision of increased awareness about accident related 
risks to the Arctic environment.  

In light of the report’s findings, it has been decided that in relation to SEDNA technologies:  

• The main focus of forecast products will be in hazard data and its customisation for 
use in Arctic navigation. As such, Global Seasonal Forecast System (GloSea), which 
includes monthly and seasonal forecasts, will employ its maximum horizontal 
resolution of 1 degree and it will produce a ‘flag’ for more than 15% ice cover. The 
maps produced, will show 10%, 50% and 90% ice cover probabilities. 

• Knowledge base work will feed the SDI, OGC and W3C working groups. In particular, 
this part of SEDNA research will focus on providing the robust technical means to 
correlate different route versions, to produce data of average ice thickness and 
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standard deviation along a route, and to generate risk maps, risk index values and 
POLARIS speed safety thresholds. 

• The voyage planning tool will incorporate the provision of optimised routes not only 
in terms of safety but also in terms of fuel consumption. Special attention is now 
given to the inclusion of iceberg infested routes and intense wave and current 
conditions.  

• The AR development process is now enhanced with new scenarios involving intense 
weather conditions, mobile ice and the presence of numerous ships in the travel 
horizon. It has also been highly noted that the AR technology should never obscure 
real-world information; users need to be able to quickly switch them on and off. In 
addition, AR development is now closely linked with the forecast products, and 
particular attention is paid to “unrolling” the horizon and “calibrating” ice forecasts 
from real ice cover images.  

• The Risk-based framework work considers accidents and incidents from 1975 
onwards, including Russian and Canadian sources. Heavy weather has already been 
recognised to lead to loss of life due to a shift of cargo and flooding of cargo holds. 
Efforts are now also turned into producing an interactive map of accidents. 

• Field trials of anti-icing solutions are planned to take place in the Baltic between 
December and April, when weather and ice conditions have a higher likelihood to be 
closer to the future Arctic conditions identified in this report. 

• The regulatory Framework work does not foresee conflict between the technology 
SEDNA develops and existing regulations. This is attributed to goal-based design. 

 

 

 

 

 

 

 

 

 

 

	

	



SEDNA	D1.2	
	

	

88	

References 
[1] Her Majesty's Government (2014). The Futures Toolkit: Tools for strategic futures for 
policy-makers and analysts, London: The Horizon Scanning Programme. 

[2] Cuhls, K., van der Giessen, A. & Toivanen, H. (2015). Model of horizon scanning: 
How to integrate horizon scanning into European research and innovation policies, s.l.: 
European Commission. 

[3] Rowe, E., Wright, G. & Derbyshire, J. (2017). Enhancing horizon scanning by 
utilizing pre-developed scenarios: Analysis of current practice and specification of a process 
improvement to aid the identification of important 'weak signals'. Technological Forecasting 
& Social Change. 

[4] Wright, G., Bradfield, R. & Cairns, G. (2013). Does the intuitive logics method - and 
its recent enhancements - produce "effective" scenarios?. Technological Forecasting and 
Social Change, 80(4), pp. 631-642. 

[5] AHDR (2004)/ Arctic Human Development Report, Akureyri, Iceland: Stefansson 
Arctic Institute. 

[6] Downey, D. and T. Fenge, Eds., 2003: Northern Lights Against POPs: Combating 
Toxic Threats in the Arctic. McGill–Queen’s University Press, Montreal, 347 pp. 

[7] Canuel, E. T., 2015. The four Arctic law pillars: A legal framework. Georgetown 
Journal of International Law, pp. 735-764. 

[8] Kastner, P., 2015. International legal dimensions of the Northern Sea Route. In: M. 
M. Keupp, ed. The Northern Sea Route: A comprehensive analysis. Kaserne: Springer 
Gabler, pp. 39-52. 

[9] Port News (2017) Maersk is greatly interested in operation on the Northern Sea 
Route – Sergei Ivanov, 30 March,portnews.ru/news/236643/ 

[10] Humpert M. (2016) China’s COSCO Shipping Company Expands Activities on 
Northern Sea Route, High North News, 30 September, www.highnorthnews.com/chinas-
cosco-shipping-company-expands-activities-on-northern-sea-route 

[11] Ministry of Transport of the Russian Federation (2013). Rules of navigation in the 
Northern Sea Route Area, Order No. 7. 

[12] Ministry of Transport of the Russian Federation (2013). Rules for Navigation in the 
Water Area of the Northern Sea Route (Vol. 52). 

[13] Blunden M (2012) Geopolitics and the Northern Sea Route, International Affairs, 88 
(1): 115–129. 

[14] Devyatkin P. (2018). Russia’s Arctic Strategy: Maritime Shipping (Part IV). The 
Arctic Institute. Center for Circumpolar Security Studies. Available at, 
https://www.thearcticinstitute.org/russias-arctic-strategy-maritime-shipping-part-iv/ 



SEDNA	D1.2	
	

	

89	

[15] Bloomber (2015). s China’s Arctic Expansion a Reason to Worry? Available at, 
https://gcaptain.com/is-chinas-arctic-expansion-a-reason-to-worry/ 

[16] Vroegrijk, E. and Tsuchiya, M. (2018). D1.1 Regulatory Framework. Project title: Safe 
maritime operations under extreme conditions: the Arctic case (SEDNA). Grant Agreement 
no: 723526. H2020-MG-2016  

[17] Williams, A., O'Sullivan Darcy, A. & Wilkinson, A. (2011). The future of Arctic 
enterprise: Long-term outlook and implications, Oxford: University of Oxford. 

[18] The Antarctic Treaty (1959). Conference on Antarctica, Washington D.C. October 15, 
1959 

[19] Canuel, E. T., 2015. The four Arctic law pillars: A legal framework. Georgetown 
Journal of International Law, pp. 735-764. 

[20] Koivurova, T. & Molenaar, E. J., 2009. International governance and regulation of 
the marine Arctic, Oslo: WWF International Arctic Programme. 

[21] Arctic Council Observer Manual for Subsidiary Bodies (2016). Adopted by the Arctic 
Council at the Eighth Arctic Council Ministerial Meeting, Kiruna Sweden, May 15, 2013. 
Available at, https://oaarchive.arctic-council.org/bitstream/handle/11374/939/EDOCS-
3020-v1B-Observer-manual-with-addendum-
finalized_Oct2016.PDF?sequence=8&isAllowed=y 

[22] Yeager, B. B. (2008). The Ilulissat Declaration: Background and implications for 
Arctic governance. s.l., Aspen Dialogue and Commission on Arctic Climate Change. 

[23] Williams, T. (2012). The Arctic: Organizations involved in circumpolar cooperation, 
Ottawa: Library of Parliament. 

[24] Northern Forum (2017). About the Northern Forum: Mission and Structure. Online. 
Available at: http://www.northernforum.org/en/the-northern-forum/about-the-northern-
forum/mission-and-structure 

[25] Arctic Economic Council. Available at, www.arcticeconomiccouncil.com 

[26] Windeyer C. (2016). The Arctic Economic Council Makes an Entrance. Economy. 
Available at, https://www.newsdeeply.com/arctic/community/2016/05/04/the-arctic-
economic-council-makes-an-entrance 

[27] Canada and United States of America. Agreement on arctic cooperation. Signed at 
Ottawa on 11 January 1988. No 31529. Available at: 
https://treaties.un.org/doc/publication/unts/volume%201852/volume-1852-i-31529-
english.pdf 

[28] Beeler, C. (2017). Who controls the Northwest Passage? It's up for debate. PRI’s The 
World, Environment. Available at, https://www.pri.org/stories/2017-09-04/who-controls-
northwest-passage-its-debate 



SEDNA	D1.2	
	

	

90	

[29] Prime Minister of Canada. Official web-page. Available at, 
https://pm.gc.ca/eng/news/2016/03/10/us-canada-joint-statement-climate-energy-and-
arctic-leadership 

[30] Scrafton, M. (2018). Grand strategy: all along the polar silk road. ASPI, The 
Strategist. Available at, https://www.aspistrategist.org.au/grand-strategy-along-polar-silk-
road/ 

[31] Østreng W 2010 The Northern Sea Route and Jurisdictional Controversy, Ocean 
Futures, Arctis Knowledge Hub. 

[32] Conley, H.A. and Rohloff, C. (2015) The New Ice Curtain: Russia’s Strategic Reach to 
the Arctic, Center for Strategic and International Studies, Lanham, MD: Rowman & 
Littlefield: 84. 

[33]  Devyatkin P. (2018). Russia’s Arctic Strategy: Maritime Shipping (Part IV). The 
Arctic Institute. Center for Circumpolar Security Studies. Available at, 
https://www.thearcticinstitute.org/russias-arctic-strategy-maritime-shipping-part-iv/ 

[34] Ministry of Foreign Affair of Denmark (2016). Greenland and Denmark present 
claims relating to the Continental Shelf to the United Nations in New York. Available at, 
http://um.dk/en/news/newsdisplaypage/?newsid=3a2bd941-d477-4df9-8ad7-ef6f15ae9ec8 

[35] Barkham, P. (2014). Why does Denmark think it can lay claim to the north pole? The 
Guardian. Available at, https://www.theguardian.com/world/shortcuts/2014/dec/16/why-
denmark-thinks-it-can-lay-claim-to-north-pole 

[36] Parfitt, T. (2007). Russia plants flag on North Pole seabed. The Guardian, World 
News. Available at, https://www.theguardian.com/world/2007/aug/02/russia.arctic 

[37] Fedoseev, L. / TASS (2015). Russia-Denmark dispute on Arctic rights still on agenda, 
says minister. Business & Economy, TASS. Available at, http://tass.com/economy/1021437 

[38] BBC (2010). Russia and Norway sign maritime border agreement. Available at, 
https://www.bbc.co.uk/news/business-11316430 

[39] Treaty between the Kingdom of Norway and the Russian Federation concerning 
Maritime Delimitation and Cooperation in the Barents Sea and the Arctic Ocean (2010). 
Available in English at, 
https://www.regjeringen.no/globalassets/upload/ud/vedlegg/folkerett/avtale_engelsk.pdf 

[40] Jokela, J. (Ed.). (2015). Arctic security matters. Report. European Union Institute for 
Security Studies (EUISS). Available at, 
https://www.iss.europa.eu/sites/default/files/EUISSFiles/Report%2024.pdf 

[41] Perry, C. M. and Andersen, B. (2012). New Strategic Dynamics in the Arctic Region: 
Implications for National Security and International Collaboration. The Institute of Foreign 
Policy Analysis. CreateSpace Independent Publishing Platform, 2012 



SEDNA	D1.2	
	

	

91	

[42] The State Council Information Office of the People's Republic of China (2018). 
China's Arctic Policy. White paper. Source, Xinhua. Ed. Hui L. Available at. 
http://www.xinhuanet.com/english/2018-01/26/c_136926498.htm 

[43] Chen D. (2014). Xi Jinping’s Evolution of Chinese Grand Strategy. The Diplomat. 
Available at, https://thediplomat.com/2014/12/xi-jinpings-evolution-of-chinese-grand-
strategy/ 

[44] The Straits Times (2018). China building Arctic cruise ship for 'Polar Silk Road'. 
Available at, https://www.straitstimes.com/asia/east-asia/china-building-arctic-cruise-ship-
for-polar-silk-road 

[45] Eiterjord, T. A. (2018). China’s Planned Nuclear Icebreaker. The Diplomat. Available 
at, https://thediplomat.com/2018/07/chinas-planned-nuclear-icebreaker/ 

[46] Aker Arctic (2018). Available at, https://akerarctic.fi/en/news/aker-arctic-designed-
new-chinese-polar-research-vessel 

[47] Li, W. (2017). Icebreaker Xuelong completes 83-day Arctic voyage. Gbtimes. Bringing 
China Closer. Available at, https://gbtimes.com/icebreaker-xuelong-completes-83-day-
arctic-voyage 

[48] Humpert, M. (2016) China’s COSCO Shipping Company Expands Activities on 
Northern Sea Route, High North News. Available at, www.highnorthnews.com/chinas-
cosco-shipping-company-expands-activities-on-northern-sea-route  

[49] Matzen, E. (2017). Denmark spurned Chinese offer for Greenland base over security: 
sources. Reuters. Available at, https://www.reuters.com/article/us-denmark-china-
greenland-base/denmark-spurned-chinese-offer-for-greenland-base-over-security-sources-
idUSKBN1782EE 

[50] BBC (2011). China tycoon Huang Nubo angered by Iceland land move. Available at, 
https://www.bbc.co.uk/news/world-asia-15916486 

[51] Higgins, A. (2014). A Rare Arctic Land Sale Stokes Worry in Norway. The New York 
Times. Europe. Available at, https://www.nytimes.com/2014/09/28/world/europe/a-rare-
arctic-land-sale-stirs-concerns-in-norway.html 

[52] Eindom, L. (2014). Chinese tycoon agrees to buy Norway land. The Local. Available 
at, https://www.thelocal.no/20140519/chinese-tycoon-agrees-to-buy-norway-land 

[53] Scrafton, M. (2018). Grand strategy: all along the polar silk road. The Strategist. 
Australian Strategic Policy Insitute. Available at, https://www.aspistrategist.org.au/grand-
strategy-along-polar-silk-road/ 

[54] Liqiang, H. (2018). China vows to promote sustainable development of Arctic. 
ChinaDaily. Available at, 
http://www.chinadaily.com.cn/a/201801/26/WS5a6ac5a9a3106e7dcc136db0.html 

[55] DeMarban, A. (2017). Big questions emerge over $43 billion gas-export deal between 
Alaska and China. Eye On The Arctic. Available at, http://www.rcinet.ca/eye-on-the-



SEDNA	D1.2	
	

	

92	

arctic/2017/11/10/big-questions-emerge-for-a-43-billion-gas-export-deal-between-alaska-
and-china/ 

[56] Burke, D. C. and Saramago, A. (2018). With all eyes on China, Singapore makes its 
own Arctic moves. The Conversation. Available at, https://theconversation.com/with-all-
eyes-on-china-singapore-makes-its-own-arctic-moves-92316 

[57] Royal Norwegian Embassy in New Delhi and Consulate in Mumbai (2017). India in 
the Arctic. Available at, https://www.norway.no/en/india/norway-india/news-and-
events/new-delhi/news/india-in-the-arctic/ 

[58] Humpert, M. and Raspotnik, A. (2012). The Future of Arctic Shipping along the 
Transpolar Sea Route. The Arctic Institute. Center for Circumpolar Security Studies. 
Available at, https://www.thearcticinstitute.org/future-arctic-shipping-transpolar-sea-
route/ 

[59] Bryanski, G. (2011). Russia’s Putin says Arctic trade route to rival Suez. Reuters. 
Available at, 
https://ca.reuters.com/article/topNews/idCATRE78L5TC20110922?pageNumber=1&virtual
BrandChannel=0 

[60] Struzik, E. (2016). Shipping Plans Grow as Arctic Ice Fades. YaleEnvironement360. 
Available at, 
https://e360.yale.edu/features/cargo_shipping_in_the_arctic_declining_sea_ice 

[61] Gunnarsson, B. (2016). Future Development of the Northern Sea Route. The 
Maritime Executive. Available at, http://www.maritime-executive.com/editorials/future-
development-of-the- northern-sea-route 

[62] Suokas, J. (2018). China pledges $10bn to Silk Road, Arctic projects in Russia. 
Gbtimes. Bringing China Closer. Available at, https://gbtimes.com/china-pledges-10bn-to-
silk-road-arctic-projects-in-russia  

[63] Suokas, J. (2018). China’s Cosco to step up Arctic shipping this summer. Gbtimes. 
Bringing China Closer. Available at, https://gbtimes.com/chinas-cosco-to-step-up-arctic-
shipping-this-summer 

[64] Headland, R. K. (2017). Transits of the Northwest Passage to end of the 2017 
navigation season. Atlantic Ocean ↔ Arctic Ocean ↔ Pacific Ocean. Scott Polar Research 
Institute, University of Cambridge, Lensfield Road, Cambridge, United Kingdom. Available 
at, https://www.spri.cam.ac.uk/resources/infosheets/northwestpassage.pdf 

[65] Østreng, Willy; Eger, Karl Magnus; Fløistad, Brit; Jørgensen-Dahl, Arnfinn; Lothe, 
Lars; Mejlænder-Larsen, Morten; Wergeland, Tor (2013). Shipping in Arctic Waters: A 
Comparison of the Northeast, Northwest and Trans Polar Passages. Springer. 
doi:10.1007/978-3-642-16790-4. ISBN 978-3642167898. 

[66] Farré A. B., Scott R. Stephenson, Linling Chen, Michael Czub, Ying Dai, Denis 
Demchev, Yaroslav Efimov, Piotr Graczyk, Henrik Grythe, Kathrin Keil, Niku Kivekäs, 
Naresh Kumar, Nengye Liu, Igor Matelenok, Mari Myksvoll, Derek O'Leary, Julia Olsen, 
Sachin Pavithran.A.P., Edward Petersen, Andreas Raspotnik, Ivan Ryzhov, Jan Solski, 
Lingling Suo, Caroline Troein, Vilena Valeeva, Jaap van Rijckevorsel & Jonathan Wighting 



SEDNA	D1.2	
	

	

93	

(2014) Commercial Arctic shipping through the Northeast Passage: routes, resources, 
governance, technology, and infrastructure, Polar Geography, 37:4, 298-324, DOI: 
10.1080/1088937X.2014.965769 

[67] Brigham, L.; McCalla, R.; Cunningham, E.; Barr, W.; VanderZwaag, D.; Chircop, A.; 
Santos-Pedro, V.M.; MacDonald, R.; Harder, S.; Ellis, B.; Snyder, J.; Huntington, H.; 
Skjoldal, H.; Gold, M.; Williams, M.; Wojhan, T.; Williams, M.; Falkingham, J. (2009). 
Brigham, Lawson; Santos-Pedro, V.M.; Juurmaa, K., eds. Arctic marine shipping assessment 
(AMSA) (PDF). Norway: Protection of the Arctic Marine Environment (PAME), Arctic 
Council. Archived (PDF) from the original on November 1, 2014. 

[68] Middlemiss, N. (2017). Arctic Shipping and Trade Routes. Shipping, Today and 
Yesterday. Available at, 
https://www.shippingtandy.com/features/arctic%E2%80%88shipping-
and%E2%80%88trade%E2%80%88routes/ 

[69] Lua D., Park G.-K., Choi K., Oh S. (2014). An Economic Analysis of Container 
Shipping Through Canadian Northwest Passage. International Journal of e-Navigation and 
Maritime Economy. Vol. 1, December 2014, Pages 60-72. 
https://doi.org/10.1016/j.enavi.2014.12.001 

[70] Eger, K. M. (2010). Arctic Shipping Routes - Costs and Fees. CHNL. Available at, 
http://www.arctis-search.com/Arctic+Shipping+Routes+-+Costs+and+Fees 

[71] Middlemiss, N. (2017). Arctic Shipping and Trade Routes. Shipping, Today and 
Yesterday. Available at, 
https://www.shippingtandy.com/features/arctic%E2%80%88shipping-
and%E2%80%88trade%E2%80%88routes/ 

[72] Aksenov, Yevgeny; Popova, Ekaterina E.; Yool, Andrew; Nurser, A.J. George; 
Williams, Timothy D.; Bertino, Laurent; Bergh, Jon (January 2017). "On the future 
navigability of Arctic sea routes: High-resolution projections of the Arctic Ocean and sea ice". 
Marine Policy. 75: 300–317. doi:10.1016/j.marpol.2015.12.027. ISSN 0308-597X 

[73] Farré A. B., Scott R. Stephenson, Linling Chen, Michael Czub, Ying Dai, Denis 
Demchev, Yaroslav Efimov, Piotr Graczyk, Henrik Grythe, Kathrin Keil, Niku Kivekäs, 
Naresh Kumar, Nengye Liu, Igor Matelenok, Mari Myksvoll, Derek O'Leary, Julia Olsen, 
Sachin Pavithran.A.P., Edward Petersen, Andreas Raspotnik, Ivan Ryzhov, Jan Solski, 
Lingling Suo, Caroline Troein, Vilena Valeeva, Jaap van Rijckevorsel & Jonathan Wighting 
(2014) Commercial Arctic shipping through the Northeast Passage: routes, resources, 
governance, technology, and infrastructure, Polar Geography, 37:4, 298-324, DOI: 
10.1080/1088937X.2014.965769 

[74] Zhou L. (2018). Slowly but surely, China is carving a foothold through the Arctic. 
Diplomacy. Available at, https://www.scmp.com/news/china/diplomacy-
defence/article/2115409/chinese-ships-arctic-voyage-marks-progress-ice-silk 

[75] Bennett, M. (2016). What does the sudden closure of Canada's only Arctic deepwater 
port mean for Arctic shipping? Cryopolitics. Available at, 
http://www.cryopolitics.com/2016/08/02/what-does-the-sudden-closure-of-canadas-only-
arctic-deepwater-port-mean-for-arctic-shipping/ 



SEDNA	D1.2	
	

	

94	

[76] Lloyd’s Register (2015) Lloyd's Register – Written Evidence (Arc0048). House of 
Lords Select Committee on the Arctic: Responding to a Changing Arctic. Available at, 
http://www.parliament.uk/documents/lords-committees/arctic/Lloyd's-Register- 
(ARC0048).pdf 

[77] DNV (2013). Heavy fuel in the Arctic (Phase 2). Report prepared fo PAME-
Skrifstofan á Íslandi. DNV Doc. No./Report No.: 2013-1542-16G8ZQC-5/1. Available: 
https://www.pame.is/images/03_Projects/AMSA/Heavy_Fuel_in_the_Arctic/HFO%20in
%20the%20Arctic%20Phase%20II%20final%20report%20by%20DNV_signed.pdf 

[78] Ocean Conservancy. (2017). Navigating the North: An Assessment of the 
Environmental Risks of Arctic Vessel Traffic. Anchorage, AK. 

[79] Laursen, W. (2016) Crystal Serenity’s New Ice Navigation Capabilities. The Maritime 
Executive. Available at, http://www.maritime-executive.com/features/crystal-serenitys-
new-ice-navigation- capabilities 

[80] Snider, D. (2016) Crystal Serenity – a New Chapter in Arctic Shipping or Just ‘Doing 
It Right’? The Arctic Yearbook. Available at, 
http://www.arcticyearbook.com/images/Articles_2016/commentaries/15-AY2016- 
Snider.pdf 

[81] Dawson J., Pizzolato L., Howell S.E.L., Copland L. and Johnston M.E. (2018). 
Temporal and Spatial Patterns of Ship Traffic in the Canadian Arctic from 1990 to 2015. 
ARCTIC Vol. 71, No. 1. P. 15 – 26. https://doi.org/10.14430/arctic4698 

[82] Ragner, C. L. (2000). Northern Sea Route cargo flows and infrastructure - present 
state and future potential, Lysaker: Fridtjof Nansen Institute. 

[83] Eguíluz V.M., Fernández-Gracia J., Irigoien X., & Duarte C.M. (2016). A quantitative 
assessment of Arctic shipping in 2010–2014. Scientific Reports. Volume 6, Article number: 
30682 

[84] Winnipeg Free Press (2017). Omnitrax says railway, port deal reached. Available at, 
https://www.winnipegfreepress.com/business/railway-churchill-port-sale-to-northern-first-
nations-imminent-omnitrax-says-426567641.html 

[85] United States Navy (2014). Arctic Roadmap for 2014 to 2030. Navy. Task Force 
Climate Change. 

[86] Hansen, C., Gronsedt, P., Graversen, C., & Hendriksen, C. (2016). Arctic Shipping – 
Commercial Opportunities and Challenges. 

[87] Lu D., Park G.K., Choi K. and Oh S. (2014) An Economic Analysis of Container 
Shipping Through Canadian Northwest Passage. International Journal of e-Navigation and 
Maritime Economy. Vol. 1, December 2014, Pages 60-72. 

[88] Ocean Conservancy. (2017). Navigating the North: An Assessment of the 
Environmental Risks of Arctic Vessel Traffic. Anchorage, AK. 



SEDNA	D1.2	
	

	

95	

[89] Nilsen, T. (2016). Be prepared, mass tourism is coming like lemmings. The 
Independent Barents Observer. Availabe at, http://thebarentsobserver.com/en/industry-
and-energy/2016/10/be-prepared-mass-tourism-coming-lemmings 

[90] ABB (2017). ABB’s Azipod writes history, pushing tanker through challenging 
northern sea route in just 19 days. Available at, 
https://new.abb.com/news/detail/1990/abbs-azipod-writes-history-pushing-tanker-
through-challenging-northern-sea-route-in-just-19-days. 

[91] MAREX (2017). World's First Icebreaking LNG Carrier Begins Trials. The Maritime 
Executive. Available at, https://www.maritime-executive.com/article/worlds-first-
icebreaking-lng-carrier-begins-trials 

[92] Suokas, J. (2018). China’s Arctic cargo ship set to arrive in Europe. Bgtimes. Bringing 
China Closer. Available at, https://gbtimes.com/chinas-arctic-cargo-ship-set-to-arrive-in-
europe 

[93] Morgan S. (2018). Shipping giant announces trial run of Arctic sea route. Euractiv. 
Available at, https://www.euractiv.com/section/transport/news/shipping-giant-announces-
trial-run-of-arctic-sea-route/ 

[94] MAERSK (2018). Maersk concludes trial passage of Northern Sea Route. Available at, 
https://www.maersk.com/en/news/2018/09/28/maersk-concludes-trial-passage-of-
northern-sea-route 

[95] Humpert, M. (2018). Yamal LNG Carrier Boris Vilkitsky In Gross Violation of Safety 
Rules on NSR. High North News. Available at, http://www.highnorthnews.com/yamal-lng-
carrier-boris-vilkitsky-in-gross-violation-of-safety-rules-on-nsr/ 

[96] LNG World News Staff (2018). NSRA: Boris Vilkitsky LNG carrier breaks Northern 
Sea Route rules. LNG World News. Available at, https://www.lngworldnews.com/nsra-
boris-vilkitsky-lng-carrier-breaks-northern-sea-route-rules/ 

[97] Humpert, M. (2018). Yamal LNG Carrier Boris Vilkitsky Permitted to Leave With 
Icebreaker Escort. High North News. Available at, http://www.highnorthnews.com/yamal-
lng-carrier-boris-vilkitsky-permitted-to-leave-with-icebreaker-escort/ 

[98] Digges, C. (2018). Rosatom's Control of the Arctic Faces More Pushback. The 
Maritime Executive. Available at, https://www.maritime-executive.com/article/rosatom-s-
control-of-the-arctic-faces-more-pushback 

[99] Peters, G. P., Nilssen, T. B., Lindholt, L., Eide, M. S., GlomsrA ̧̃d, S., Eide, L. I., & 
Fuglestvedt, J. S. (2011). Future emissions from shipping and petroleum activities in the 
Arctic. Atmospheric Chemistry and Physics, 11(11), 5305–5320. doi:10.5194/acp-11- 5305-
2011  

[100] Farré B.A., Stephenson, S. R., Chen, L., Czub, M., Dai, Y., Demchev, D., ... Wighting, 
J. (2014). 2014 Commercial Arctic shipping through the Northeast Passage: routes, 
resources, governance, technology, and infrastructure. Polar Geography, 37(4), 298–324. 
doi:10.1080/1088937X.2014.965769  



SEDNA	D1.2	
	

	

96	

[101] Kaiser, B. A., Fernandez, L. M., & Vestergaard, N. (2016). The future of the marine 
Arctic: environmental and resource economic development issues. The Polar Journal, (May), 
1–17. doi:10.1080/2154896X.2016.1171004 

[102] The International Council on Clean Transportation. (2015). A 10-Year Projection Of 
Maritime Activity in the U.S. Arctic Region. 

[103] Det Norske Veritas. (2013). Specially Designated Marine Areas in the Arctic High 
Seas. 

[104] Aksenov, Yevgeny; Popova, Ekaterina E.; Yool, Andrew; Nurser, A.J. George; 
Williams, Timothy D.; Bertino, Laurent; Bergh, Jon (January 2017). "On the future 
navigability of Arctic sea routes: High-resolution projections of the Arctic Ocean and sea ice". 
Marine Policy. 75: 300–317. doi:10.1016/j.marpol.2015.12.027. ISSN 0308-597X 

[105] MAREX (2018). Boom Times for Russia's Arctic PortsThe Maritime News. Available 
at, https://www.maritime-executive.com/article/boom-times-for-russia-s-arctic-
ports#gs.nbE2DE8 

[106] DeCoste, L. (2016). Canada ups its Arctic game plans to build port at the top of the 
world. Vice News. Available at, https://news.vice.com/article/canada-ups-its-arctic-game-
with-plans-to-build-port-at-the-top-of-the-world 

[107] Forsell, T. (2018). Finland and Norway to explore building Arctic rail link. Reuters. 
Available at, https://www.reuters.com/article/us-finland-norway-railway/finland-and-
norway-to-explore-building-arctic-rail-link-idUSKCN1GL1XW 

[108] Staalesen, A. (2017). New Arctic railway is Infrastructure Project of the Year. The 
Barents Observer. Available at, 
https://thebarentsobserver.com/en/arctic/2017/02/infrastructure-project-year-russias-
new-arctic-railway 

[109] Staalesen, A. (2015). Railway for Sabetta. The Barents Observer. Available at, 
https://thebarentsobserver.com/en/arctic/2017/02/infrastructure-project-year-russias-
new-arctic-railway 

[110] Arctic Council (2017). Ratification completed for agreement on oil pollution 
preparedness and response. Available at, https://www.arctic-council.org/en/our-work2/8-
news-and-events/401-mospa-ratification 

[111] Arctic Council (2017). Agreement on Enhancing International Arctic Scientific 
Cooperation (signed 2017). Available at, https://arctic-council.org/index.php/en/our-
work/agreements 

[112] Ocean Conservancy. (2017). Navigating the North: An Assessment of the 
Environmental Risks of Arctic Vessel Traffic. Anchorage, AK. 

[113] MacDonald A. (2016). The Canadian Armed Forces and the Arctic. Maintaining a 
Suitable and Sustainable Role. Conference of Defence Associations Institute. Mai 2016, 
Ottawa, Ontario 



SEDNA	D1.2	
	

	

97	

[114] CBC News (2016). Arctic Rescue Fears Loom as Massive Cruise Ship Prepares to Sail 
Northwest Passage. CBC News, 3 April 2016, http://www. cbc.ca/news/canada/north/crui- 
se-ships-safety-northwest-passa- ge-1.3518712. 

[115] Minerd, S. (2016). Sustainable development: the future of investing. Guggenheim 
Partners. Available at, https://www.guggenheimpartners.com/perspectives/global-cio-
outlook/sustainable-development-the-future-of-investing 

[116] Bender, J. and Nudelman, M. (2015). This map shows Russia’s game-changing 
militarization of the Arctic. Business Insider. Available at, 
https://www.businessinsider.com.au/chart-of-russias-militarization-of-arctic-2015-8 

[117] RT News (2017). Route to the future: Russia takes the lead in the Arctic exploration. 
Available at, https://www.rt.com/news/414295-russia-leading-arctic-exploration/ 

[118] Micallef, S. (2017). Russia’s evolving Arctic capabilities. Available at, 
http://cimsec.org/russias-evolving-arctic-capabilities/30712 

[119] Jones, B. (2018). Russia upgrades Arctic infrastructure. Jane’s 360. Available at, 
https://www.janes.com/article/81715/russia-upgrades-arctic-infrastructure 

[120] RT (2018). Arctic stronghold: Might of Russia’s Northern Fleet shown in anniversary 
video. Available at, https://www.rt.com/news/428510-russian-northern-fleet-anniversary/ 

[121] South, T. (2018). A new cold war: How the army is preparing for a fight in the Arctic. 
ArmyTimes. Available at, https://www.armytimes.com/news/your-army/2018/07/30/a-
new-cold-war-how-the-army-is-preparing-for-a-fight-in-the-arctic/ 

[122] Navy Live (2017). The U.S. Navy’s Role in a Changing Arctic. The Maritime Executive. 
Available at, https://www.maritime-executive.com/editorials/the-us-navys-role-in-a-
changing-arctic 

[123] Sciutto, J. and Cohen, Z. (2018). Inside the US nuclear sub challenging Russian in the 
Arctic. U.S. Military. Available at, https://edition.cnn.com/2018/03/14/politics/uss-
hartford-nuclear-submarine-arctic/index.html 

[124] United States Navy (2014). Arctic Roadmap for 2014 to 2030. Navy. Task Force 
Climate Change. 

[125] Prime Minister’s Office, Government’s Defence Report (2017). Chapter Four: Europe, 
The Military Balance, 116:1, 55-162, DOI: 10.1080/04597222.2016.1127564 

[126] MacDonald A. (2016). The Canadian Armed Forces and the Arctic. Maintaining a 
Suitable and Sustainable Role. Conference of Defence Associations Institute. Mai 2016, 
Ottawa, Ontario 

[127] Mehta, A. (2018) As it takes on F-35, Denmark prepares to halt global operations. 
Defence News. Available at, https://www.defensenews.com/digital-show-
dailies/farnborough/2018/07/10/as-it-takes-on-f-35-denmark-prepares-to-halt-global-
operations/ 



SEDNA	D1.2	
	

	

98	

[128] UK Parliament (2018). On thin Ice: UK Defence in the Arctic. The new security 
environment. Available at, 
https://publications.parliament.uk/pa/cm201719/cmselect/cmdfence/388/38807.htm#foot
note-151 

[129] Oral evidence taken on 1 March 2017, HC 879 [2016–17], Q12 

[130] Grandholm, N, Did a Top Secret Threat Assessment Prompt Sweden to Deploy 
Troops to the Baltic Island of Gotland? RUSI Commentary, 28 September 2016 

[131] Prime Minister’s Office, Government’s Defence Report (2017). Chapter Four: Europe, 
The Military Balance, 116:1, 55-162, DOI: 10.1080/04597222.2016.1127564 

[132] Oral evidence taken on 1 March 2017, HC 879 [2016–17], Q5; ‘US and Iceland 
reaffirm defence cooperation with new agreement’, Jane’s Defence Weekly, 30 June 2016 ; 
‘US Navy deploys Poseidon to plug GIUK Gap’, Jane’s Navy International, 1 November 2016; 
In Return to Cold War Posture, U.S. Sending Sub-Hunting Planes to Iceland’, Foreign Policy, 
4 December 2017. Ministry of Defence, ‘Defence Secretary announces new UK deployments’, 
8 June 2018. 

[133] Ministry of Defense of the Russian Federation (2014) Voyennaya doktrina Rossiyskoy 
Federatsii, [The Military Doctrine of the Russian Federation] Rossiyskaya Gazeta, (6570), 
rg.ru/2014/12/30/doktrina-dok.html 

[134] Devyatkin, P. (2018). Russia’s Arctic Strategy: Military and Security. The Arctic 
Institute. Center for Circumpolar Security Studies. Available at, 
https://www.thearcticinstitute.org/russias-arctic-military-and-security-part-two/ 

[135] Blunden M (2012) Geopolitics and the Northern Sea Route, International Affairs, 88 
(1): 115–129. 

[136] Jokela, J. (Ed.). (2015). Arctic security matters (Rep.). European Union Institute for 
Security Studies (EUISS). Available at,  http://www.jstor.org/stable/resrep07064.1 

[137] Connolly G.E. (2017). NATO and security in the Arctic. Report. Sub-Committee on 
Transatlantic Relations. NATO Parliamentary Assembly. 172 PCTR 17 E rev.1 fin. Available 
at: www.nato-pa.int 

[138] NORDEFCO (2017). Annual Report. Available at, 
https://www.defmin.fi/files/4183/Nordefco_annual_raport_2017_MoD_FI.pdf 

[139] Jokela, J. (Ed.). (2015). Arctic security matters (Rep.). European Union Institute for 
Security Studies (EUISS). Available at,  http://www.jstor.org/stable/resrep07064.1 

[140] On Thin Ice: UK Defence in the Arctic (2018). 4. The new security environment. 15 
August 2018. Available at: 
https://publications.parliament.uk/pa/cm201719/cmselect/cmdfence/388/38807.htm#foot
note-146 



SEDNA	D1.2	
	

	

99	

[141] Congressional Research Service, Changes in the Arctic: Background and Issues for 
Congress, 21 May 2018, p 4; Wezeman, S T, ‘Military Capabilities in the Arctic: A new Cold 
War in the High North?’, SIPRI Background Paper, October 2016 

[142] Devyatkin, P. (2018). Russia’s Arctic Strategy: Military and Security. The Arctic 
Institute. Center for Circumpolar Security Studies. Available at, 
https://www.thearcticinstitute.org/russias-arctic-military-and-security-part-two/ 

[143] Gramer R (2017) Here’s What Russia’s Military Build-Up in the Arctic Looks Like, 
Foreign Policy, January 25, foreignpolicy.com/2017/01/25/heres-what-russias-military-
build-up-in-the-arctic-looks-like-trump-oil-military-high-north-infographic-map/, 

[144] The Times (2018). US revives 2nd Fleet to block Kremlin’s Atlantic operations’, The 
Times, 8 May 2018. Available at, https://www.thetimes.co.uk/article/us-revives-2nd-fleet-
to-block-kremlin-s-atlantic-operations-0xgstxbm3 

[145] UK Parliament (2018). UK must show greater ambition in addressing Arctic security 
situation. Available at, https://www.parliament.uk/business/committees/committees-a-
z/commons-select/defence-committee/news-parliament-2017/defence-in-arctic-report-
published-17-19/ 

[146] Sluijs, A., Stefan Schouten, Mark Pagani, Martijn Woltering, Henk Brinkhuis, Jaap S. 
Sinninghe Damsté, Gerald R. Dickens, Matthew Huber, Gert-Jan Reichart, Ruediger Stein, 
Jens Matthiessen, Lucas J. Lourens, Nikolai Pedentchouk, Jan Backman, Kathryn Moran & 
the Expedition 302 Scientists. Subtropical Arctic Ocean temperatures during the 
Palaeocene/Eocene thermal maximum. Nature 441(7093):610-3, doi:10.1038/nature04668 

[147] Moran K., Backman J, Brinkhuis H, Clemens SC, Cronin T, Dickens GR, Eynaud F, 
Gattacceca J, Jakobsson M, Jordan RW, Kaminski M, King J, Koc N, Krylov A, Martinez N, 
Matthiessen J, McInroy D, Moore TC, Onodera J, O'Regan M, Pälike H, Rea B, Rio D, 
Sakamoto T, Smith DC, Stein R, St John K, Suto I, Suzuki N, Takahashi K, Watanabe M, 
Yamamoto M, Farrell J, Frank M, Kubik P, Jokat W, Kristoffersen Y. (2006) The Cenozoic 
palaeoenvironment of the Arctic Ocean. Nature. 2006 Jun 1;441(7093):601-5. 

[148] Polyak L., Richard B. Alley, John T. Andrews, Julie Brigham-Grette, Thomas M. 
Cronin, Dennis A. Darby, Arthur S. Dyke, Joan J. Fitzpatrick, Svend Funder, Marika 
Holland, Anne E. Jennings, Gifford H. Miller, Matt O'Regan, James Savelle, Mark Serreze, 
Kristen St. John, James W.C. White, Eric Wolff. (2010) History of sea ice in the Arctic. 
Quaternary Science Reviews, Volume 29, Issues 15–16. Pages 1757-1778. 

[149] St. John, K.E. (2008). Cenozoic ice-rafting history of the central Arctic Ocean–
terrigenous sands on the Lomonosov Ridge. Paleoceanography 23, PA1S05. 

[150] Robinson, M.M., 2009. New quantitative evidence of extreme warmth in the Pliocene 
Arctic. Stratigraphy 6, 265–275. 

[151] Burn, C.R. (1994). Permafrost, tectonics, and past and future regional climate 
change, Yukon and adjacent Northwest Territories. Can. J. Earth Sci. 31, 182–191. 

[152] Duk-Rodkin, A., Barendregt, R.W., Froese, D.G., Weber, F., Enkin, R.J., Smith, I.R., 
Zazula, G.D., Waters, P., Klassen, R. (2004). Timing and extent of Plio–Pleistocene 
glaciations in North–Western Canada and East–Central Alaska. In: Ehlers, J., Gibbard, P.L. 



SEDNA	D1.2	
	

	

100	

(Eds.), Quaternary Glaciations – Extent and Chronology, Part II, North America. Elsevier, 
New York, pp. 313–345. 

[153] Matthiessen, J., Knies, J., Vogt, C., Stein, R., 2009. Pliocene paleoceanography of the 
Arctic Ocean and subarctic seas. Phil. Trans. R. Soc. 367, 21–48. 

[154] Bradley, R.S., England, J.H., 2008. The younger dryas and the sea of ancient ice. 
Quat. Res. 70, 1–10. 

[155] Konno, S., 2009. Palaeoceanographic reconstruction of the Holocene Chukchi Sea 
and phytoplankton studies in the Bering Sea. Doctoral Thesis, Yamagata Univ., Japan, 158 p. 

[156] 1Kaufman, D.S., Schneider, D.P., McKay, N.P., Ammann, C.M., Bradley, R.S., Briffa, 
K.R., Miller, G.H., Otto-Bliesner, B.L., Overpeck, J.T., Vinther, B.M., Arctic Lakes 2k Project 
Members, 2009. Recent warming reverses long-term Arctic cooling. Science 325, 1236–1239. 

[157] Vinther, B.M., Jones, P.D., Briffa, K.R., Clausen, H.B., Andersen, K.K., Dahl-Jensen, 
D. and Johnsen, S.J. 2010. Climatic signals in multiple highly resolved stable isotope records 
from Greenland.  Quaternary Science Reviews 29: 522-538. 

[158] Vare, L.L., Masse ́, G., Gregory, T.R., Smart, C.W., Belt, S.T., 2009. Sea ice variations 
in the central Canadian Arctic Archipelago during the Holocene. Quaternary Science Reviews 
28, 1354–1366. 

[159] Lehner F, Born A, Raible C C & Stocker T F: Amplified inception of European little ice 
age by sea ice-ocean-atmosphere feedbacks, Journal of Climate, 2013, DOI: 10.1175/JCLI-D-
12-00690.1, 

[160] Polyak L., Richard B. Alley, John T. Andrews, Julie Brigham-Grette, Thomas M. 
Cronin, Dennis A. Darby, Arthur S. Dyke, Joan J. Fitzpatrick, Svend Funder, Marika 
Holland, Anne E. Jennings, Gifford H. Miller, Matt O'Regan, James Savelle, Mark Serreze, 
Kristen St. John, James W.C. White, Eric Wolff. (2010) History of sea ice in the Arctic. 
Quaternary Science Reviews, Volume 29, Issues 15–16. Pages 1757-1778. 

[161] Overpeck, J., Hughen, K., Hardy, D., Bradley, R., Case, R., Douglas, M., Finney, B., 
Gajewski, K., Jacoby, G., Jennings, A., Lamoureux, S., Lasca, A., MacDonald, G., Moore, J., 
Retelle, M., Smith, S., Wolfe, A., Zielinski, G., 1997. Arctic environ- mental changes of the 
last four centuries. Science 278, 1251–1256. 

[162] Kaufman, D.S., Schneider, D.P., McKay, N.P., Ammann, C.M., Bradley, R.S., Briffa, 
K.R., Miller, G.H., Otto-Bliesner, B.L., Overpeck, J.T., Vinther, B.M., Arctic Lakes 2k Project 
Members, 2009. Recent warming reverses long-term Arctic cooling. Science 325, 1236–1239. 

[163] Yang, Wenchang and Gudrun Magnusdottir. “Year-to-year Variability in Arctic 
Minimum Sea Ice Extent and its Preconditions in Observations and the CESM Large 
Ensemble Simulations.” Scientific Reports (2018). 

[164] Stroeve, J., Holland, M., Meier, W., Scambos, T., Serreze, M., (2007), Arctic Sea Ice 
Decline: Faster than Forecast. Geophysical Research Letters 34. 



SEDNA	D1.2	
	

	

101	

[165] Stroeve, J. and Notz, D. (2015). Insights on past and future sea ice evolution from 
combining observations and models. Global and Planetary Change, pp. 119-132. 

[166] Notz, D. et al., 2016. The CMIP6 Sea ice Model Intercomparison Project (SIMIP): 
Understanding sea ice through climate-model simulations. Geoscientific Model 
Development, pp. 3427-3446. 

[167] Mueller, B.L., N.P. Gillett, A.H. Monahan, and F.W. Zwiers, 2018: Attribution of 
Arctic Sea Ice Decline from 1953 to 2012 to Influences from Natural, Greenhouse Gas, and 
Anthropogenic Aerosol Forcing. J. Climate, 31, 7771–7787, https://doi.org/10.1175/JCLI-D-
17-0552.1 

[168] Stephenson, S. R., Wang, W., Zender, C. S., Wang, H., Davis, S. J., & Rasch, P. J. 
(2018). Climatic responses to future trans-Arctic shipping. Geophysical Research Letters, 45, 
9898–9908. https://doi.org/10.1029/2018GL078969 

[169] Fuglestvedt J.S., Stig Bjørløw Dalsøren, Bjørn Hallvard Samset, Terje Berntsen, 
Gunnar Myhre, Øivind Hodnebrog, Magnus Strandmyr Eide, and Trond Flisnes Bergh 
(2014). Climate penalty for shifting shipping to the Arctic, En- viron. Sci. Technol. 48 (22) 
13273–13279, http://dx.doi.org/10.1021/ es502379d. 

[170] Aksenov, Yevgeny; Popova, Ekaterina E.; Yool, Andrew; Nurser, A.J. George; 
Williams, Timothy D.; Bertino, Laurent; Bergh, Jon (January 2017). "On the future 
navigability of Arctic sea routes: High-resolution projections of the Arctic Ocean and sea ice". 
Marine Policy. 75: 300–317. doi:10.1016/j.marpol.2015.12.027. ISSN 0308-597X 

[171] USGS (2008). Circum-Arctic Resource Appraisal: Estimates of Undiscovered Oil and 
Gas North of the Arctic Circle. Available at, https://pubs.usgs.gov/fs/2008/3049/fs2008-
3049.pdf 

[172] Wong, E. (2013). Geopolitics of Arctic Oil and Gas: The Dwindling Relevance of 
Territorial Claims. New Voices in Public Policy. Available at, 
https://journals.gmu.edu/newvoices/article/view/132/94 

[173] Lindholdt , L. (2006) , Arctic natural resources in a global perspective . In The 
Economy of the North , S. Glomsrød and J. Aslaksen , pp. 27 – 37 Oslo, , Norway Statistics 
Norway . 

[174] Wood Mackenzie (2006): Future of the Arctic - A new dawn for exploration. Oil&Gas 
Journal (2006) Nov 13, p. 18-30 

[175] Schaps, K. and Bousso, R. (2014). Shell’s profits hit by big Arctic, Canadian write-
offs. Reuters. Available at, https://uk.reuters.com/article/uk-shell-results/shells-profits-hit-
by-big-arctic-canadian-write-offs-idUKKCN0SN0KD20151029 

[176] Kent, S. (2015). Shell to Cease Oil Exploration in Alaskan Arctic After Disappointing 
Drilling Season. The Wall Street Journal. Available at, https://www.wsj.com/articles/shell-
to-cease-oil-exploration-offshore-alaska-1443419673 

[177] Lindholt, L. and Glomsrod, S. (2008). Future production of petroleum in the Arctic 
under alternative oil prices. Available at, 
https://www.ssb.no/a/english/publikasjoner/pdf/sa112_en/kap5.pdf 



SEDNA	D1.2	
	

	

102	

[178] Cazprom Neft. The Novy Port Project. Available at, http://www.gazprom-
neft.com/company/business/exploration-and-production/new-projects/new-port/ 

[179] Slav, I. (2017). BP, Rosneft Team Up On Arctic Gas Exploration. Oil Price. Available 
at, https://oilprice.com/Latest-Energy-News/World-News/BP-Rosneft-Team-Up-On-
Arctic-Gas-Exploration.html 

[180] Ambrose, J. (2016). BP heads to Siberia with $300m Rosneft oil venture. Business. 
Available at, https://www.telegraph.co.uk/business/2016/06/17/bp-heads-to-siberia-with-
300m-rosneft-oil-venture/ 

[181] Jacob, L.P. (2017). Keys to understanding Russia’s Arctic Policy. NAOC. Available at, 
http://natoassociation.ca/keys-to-understanding-russias-arctic-policy/ 

[182] Staalesen, A. (2018). Rosneft aims for expansion along Laptev coast. The Barents 
Observer. Available at, https://thebarentsobserver.com/en/industry-and-
energy/2018/02/rosneft-aims-expansion-along-laptev-coast 

[183] Paraskova, T. (2017). Russia aims to challenge Qatar LNG dominance. Oil Price. 
Available at, https://oilprice.com/Energy/Natural-Gas/Russia-Aims-To-Challenge-Qatar-
LNG-Dominance.html 

[184] Paraskova, T. (2017). Gas shortage has China backtracking on coal ban. Oil Price. 
Available at, https://oilprice.com/Energy/Coal/Gas-Shortage-Has-China-Backtracking-On-
Coal-Ban.html 

[185] Paraskova, T. (2017). Putin Says Russia will become world’s top LNG producer. Oil 
Price. Available at, https://oilprice.com/Energy/Natural-Gas/Putin-Says-Russia-Will-
Become-Worlds-Top-LNG-Producer.html 

[186] Wood Mackenzie (2017). Yamal LNG starts up on time despite the headwinds. 
Available at, https://www.woodmac.com/reports/upstream-oil-and-gas-yamal-lng-starts-
up-on-time-despite-the-headwinds-11986 

[187] Rogers, H. 2016. ‘Asian LNG Demand: Key Drivers and Outlook’, NG106, OIES, 
https://www.oxfordenergy.org/wpcms/wp- content/uploads/2016/04/Asian-LNG-
Demand-NG-106.pdf. 

[188] Henderson, J. and Sharples, J. (2017). Gazprom in Europe – two “Anni Mirabiles”, 
but can it continue? Available at, https://www.oxfordenergy.org/publications/gazprom-
europe-two-anni-mirabiles-can-continue/ 

[189] Sen, A. 2017. ‘India’s Gas Market post COP21’, NG120, OIES, 
https://www.eia.gov/todayinenergy/detail.php?id=33472. 52 LNG World Shipping, 8 Jan 
2018, ‘Cheap gas creates new LNG-import markets in Asia’. 

[190] Total (2018). Russia: Total expands partnership with Novatek through Arctic LNG 2 
project. Available at, https://www.total.com/en/media/news/press-releases/russia-total-
expands-partnership-novatek-through-arctic-lng-2-project 



SEDNA	D1.2	
	

	

103	

[191] Kaiser B.A., Fernandez L.M., Vestergaard N. (2016). The future of the marine Arctic: 
environmental and resource economic development issues. The Polar Journal, 
http://dx.doi.org/10.1080/2154896X.2016.1171004 

[192] Foy, H. (2018) Corporate Russia feels insulated from sanctions. Financial Times. 
Available at, https://www.ft.com/content/174ca9ac-cc5d-11e8-b276-b9069bde0956 

[193] Young, O., Kim, J. and Kim, Y. (20103). The Arctic in World Affairs. A North Pacific 
Dialogue on the Future of the Arctic. 2013 North Pacific Arctic Conference Proceedings. KMI 
Press. Available at, http://www.chnl.no/publish_files/The_Arctic_in_World_Affairs.pdf  

[194] Joling, D. (2016). Shell relinquishes offshore leases in Alaska’s Chuckchi Sea. AP. 
Available at, https://www.apnews.com/b995f7949d4c4033846959d486acf7cb 

[195] Dunnahoe, T. (2016). Norway awards license for newly opened Barents Sea 
southeast. Oil & Gas Journal. Available at, https://www.ogj.com/articles/2016/05/norway-
awards-license-for-newly-opened-barents-sea-southeast.html 

[196] Staalesen, A. (2018). Rosneft aims for expansion along Laptev coast. The Barents 
Observer. Available at, https://thebarentsobserver.com/en/industry-and-
energy/2018/02/rosneft-aims-expansion-along-laptev-coast 

[197] Zawadzki, S. (2018). Three new Arctic-class ships on way to Russia’s Yamal LNG 
terminal. Reuters. Available at, https://www.reuters.com/article/lng-shipping-yamal/three-
new-arctic-class-ships-on-way-to-russias-yamal-lng-terminal-idUSL2N1VR0BA 

[198] Cazprom Neft. The Novy Port Project. Available at, http://www.gazprom-
neft.com/company/business/exploration-and-production/new-projects/new-port/ 

[199] Gazprom Neft (2018). Press Release. Available at, http://www.gazprom-
neft.com/press-center/news/4239/ 

[200] Artcic Frontiers (2011). 2011 – Arctic Tipping Points. Available at, 
https://www.arcticfrontiers.com/conference/2011-arctic-tipping-
points/?drawer=2011*Conference%20presentations*Tuesday%2025%20January%202011 

[201] AHDR (2004) Arctic Human Development Report. Akureyri, Iceland: Stefansson 
Arctic Institute. 

[202] Haley, S. Matthew Klick , Nick Szymoniak & Andrew Crow (2011) Observing trends 
and assessing data for Arctic mining, Polar Geography, 34:1-2, 37-61, DOI: 
10.1080/1088937X.2011.584449 

[203] Sojtaric, M. (2014). Methane is leaking from permafrost offshore Siberia. Centre for 
Arctic Gas Hydrate, Env. And Climate. Available at, https://cage.uit.no/news/methane-
leaking-permafrost-seal-offshore-siberia/ 

[204] Busch, G. (2017). Russia’s New Arctic Military Bases. Lima Charlie News. Available 
at, https://limacharlienews.com/?s=Busch+Arctic 



SEDNA	D1.2	
	

	

104	

[205] Andreassen K., A. Hubbard, M. Winsborrow, H. Patton, S. Vadakkepuliyambatta, A. 
Plaza-Faverola, E. Gudlaugsson, P. Serov, A. Deryabin, R. Mattingsdal, J. Mienert, S. 
Bünz.(2017). Massive blow-out craters formed by hydrate-controlled methane expulsion 
from the Arctic seafloor. Science Vol. 356, Issue 6341, pp. 948-953 DOI: 
10.1126/science.aal4500 

[206] Liesowska, A. (2015). Global warming could happen quicker in Russia's coldest 
region. The Siberian Times. Available at, 
https://siberiantimes.com/ecology/casestudy/features/f0065-global-warming-could-
happen-quicker-in-russias-coldest-region/ 

[207] Muse B. (2008) Arctic Economics: How do you build an ice road? Available at, 
http://benmuse.typepad.com/arctic_economics/2008/07/what-does-it-cost-to-build-an- 
ice-road.html 

[208] Mueter, F,J. and Litzow, M.A. (2008) Sea ice retreat alters the biogeography of the 
Bering Sea continental shelf. Ecol. Appl. Mar;18(2):309-20. 

[209] ACIA (2005). Arctic Climate Impact Assessment. ACIA Overview report. Cambridge 
University Press. 1020 pp. 

[210] Barber, D. G., Babb, D. G., Ehn, J. K., Chan, W., Matthes, L., Dalman, L. A., et al. 
(2018). Increasing mobility of high Arctic Sea ice increases marine hazards off the east coast 
of Newfoundland. Geophysical Research Letters, 45, 2370–2379. 
https://doi.org/10.1002/2017GL076587 

[211] Marchenko N.A. (2012). Russian Arctic Seas. Navigation Conditions and Accidents, 
Springer-Verlag, Berlin Heidelberg. http://dx.doi.org/10.1007/ 978-3-642-22125-5. 

[212] Audubon, Oceana, Ocean Conservancy, PEW, & WWF. (2016). A Synthesis of 
Important Areas in the US Chukchi and Beaufort Seas: Best Available Data to Inform 
Management Decisions. 

[213] Darnis, G. et. al. (2012). Secondary production, pelagic-benthic coupling, and 
biodiversity. Climate Change. 

[214] Arctic Council (2017). State of Arctic Marine Biodiversity Report. Available at, 
https://www.arcticbiodiversity.is/index.php/sambr-downloads 

[215] Kaiser, B.A., Linda M. Fernandez & Niels Vestergaard (2016) The future of the 
marine Arctic: environmental and resource economic development issues, The Polar 
Journal, 6:1, 152-168, DOI: 10.1080/2154896X.2016.1171004 

[216] PAME, 2009. Arctic Marine Shipping Assessment 2009 Report. Arctic Council. 
Protection of the Arctic Marine Environment (PAME). 

[217] AMAP/CAFF/SDWG (2013) Identification of Arctic marine areas of heightened 
ecological and cultural significance: Arctic Marine Shipping Assessment (AMSA) IIc 



SEDNA	D1.2	
	

	

105	

[218] Adolf K.Y. Ng, Jonathan Andrews, David Babb, Yufeng Lin, Austin Becker. (2018) 
Implications of climate change for shipping: Opening the Arctic seas. Wiley Interdisciplinary 
Reviews: Climate Change 9:2, pages e507. 

[219] The Maritime Executive (2018) https://www.maritime-executive.com/article/imo-
moves-towards-ban-on-hfo-in-the-arctic 

[220] Nelissen, D. and Tol, E. (2018) Residuals bunker fuel ban in the IMO Arctic waters. 
An assessment of costs and benefits. Prepared for the European Climate Foundation. Delft, 
CE Delft, August 2018. Publication code: 18.7S14.101 

[221] Brigham, L. and Sfraga, M. (2010). Creating a Roadmap Forward: the Arctic Marine 
Shipping Assessment. Workshop Report for October 22-24, 2009, Ed. Brigham and Sfraga 
M.. University of Alaska Fairbanks and the University of the Arctic Institute for Applied 
Circumpolar Policy. 

[222] Gruss, M. (2016). Canada eyes $2.4 billion Arctic satellite communications 
constellation. Space News. Available at, https://spacenews.com/canada-eyes-2-4-billion-
arctic-satellite-communications-constellation/ 

[223] Russian Space Web (2018). Russia to build Arctic satellite network. Available at, 
http://www.russianspaceweb.com/arktika.html 

[224] Arctic Council (2017). Arctic Council Agreements. Available at: http://www.arctic-
council.org/index.php/en/our-work/agreements 

[225] Arctic Council (2017). Emergency Prevention, Preparedness and Response (EPPR) 
Work Plan (2015-2017). Available at: http://arctic-council.org/eppr/wp-
content/uploads/2010/04/EPPR_Work_Plan_2015-2017.pdf 

[226] Sputnik News (2016). Russia to set up over 10 rescue centres in Arctic by 2020 - 
Security Council. Available at: https://sputniknews.com/world/201609011044866203-
arctic-russia-centers-rescue/ 

[227] Melia, N., K. Haines, and E. Hawkins (2016), Sea ice decline and 21st century trans-
Arctic shipping routes, Geophys. Res. Lett., 43, 9720–9728, doi: 10.1002/2016GL069315. 

 

 

 

 

 

 

 



SEDNA	D1.2	
	

	

106	

Appendix 
Climate Change 

I. Current Green House Gas (GHG) emissions may lead to higher Arctic temperatures, 
and thus to faster sea ice decline, than predicted by today’s climate model simulations 
with the RCP8.5 emission scenario. Rank the effect of the following GHG emission 
control scenarios on likely Arctic sea-ice decline by 2050.    

 

Scenarios 
Strongly 

decelerate 
Decelerate 

No 

effect 
Accelerate 

Strongly 

accelerate 

I 

don’t 

know 

Business as 

usual 

      

Strict 

greenhouse 

gas emission 

controls  

      

Looser than 

today’s control 

in greenhouse 

gas emissions 

      

 

II. What type of inter-annual variability of Arctic  

sea-ice extent would be expected by 2050? 

    1. Very small 2. Small 3. High  4. Very high 5. Extreme 

III. By 2050 wave and current conditions in the Arctic will: 

1. Strongly abate 2. Abate 3. Remain unaltered 4. Intensify 5. Strongly intensify 

IV. By 2050 the mobility of the Arctic sea-ice will: 

1. Strongly abate 2. Abate 3. Remain unaltered 4. Intensify   5. Strongly intensify 
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V. How reliable are the seasonal forecasts (3-6 months ahead) of sea-ice climate 
conditions (sea-ice extent and ice type)?   

1. Extremely unreliable 2. Very unreliable 3. Reliable 4. Very reliable 5. Extremely 
reliable 

VI. With 5 being the strongest and 1 the weakest, rank the influence of the following 
factors on the current accuracy of seasonal Arctic sea-ice forecasts? 

Factor 1 2 3 4 5 

Lack of access to in-situ data      

Lack of scientific knowledge in ice 

physics  

     

Lack of scientific knowledge in 

climate mechanisms and their 

interaction 

     

Lack of computational power      

Lack of research funding      

 

VII. Is increased shipping activity through and in the Arctic expected to affect sea-ice 
conditions? 

1. No effect  2. Weal effect      3. Moderate effect    4. Strong effect 5. Critical 
effect 

VIII. In 2009 the Arctic Council outlined the following scenarios (Figure 1) for the future 
of Arctic shipping by 2050. 1. Select the scenario you see unfolding at present and 2. 
select the scenario with the highest likelihood by 2050.    

1. 

2. 
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Figure 36: Source: Arctic Marine Shipping Assessment of the Arctic Council's Protection of the Arctic Marine 
Environment Working Group. (2008) The Future of Arctic Marine Navigation in Mid--Century: Scenario 
Narratives Report. p.5  

 

Please add below any additional comments you may have about any of the questions / 
answers  

 

 

 

 

 

 

My confidence level in assessing this is:              My scientific expertise is in: 
 

Low Medium  High 
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Trade 

I. For the three Arctic routes, with varying ice scenarios, assess their influence on 
potential trading increases. NSR: Northern Sea Route, NWR: North-West Route, 
TSR: Transpolar Sea Route. 

Route Very weak Weak Moderate Strong Very 

strong 

NSR: 

seasonally 

ice-free 

     

NSR: earlier 

melt and 

later freeze 

     

NWR: 

seasonally 

ice-free 

     

NWR: 

earlier melt 

and later 

freeze 

     

TSR: 

seasonally 

ice-free 

     

TSR: first-

year ice  

     

TSR: 

perennial ice 

     

 

II. What change in level of activity is expected in the Arctic by 2050 for: 

Type Strongly 

decreased 

Decreased Remain 

unaltered 

Increased Strongly 

increased 

Destination 

shipping  

     

Transit 

shipping 
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Fishing      

Cruise 

shipping  

     

 

III. On a scale of 1 to 5, with 1 representing no use and 5 intense use, assess the utilisation 
level per Arctic route and activity by 2050: 

Type NSR: 

seasonall

y ice-free 

NSR: 

earlie

r melt 

and 

later 

freeze 

NWR: 

seasonall

y ice-free 

NWR: 

earlie

r melt 

and 

later 

freeze 

TSR: 

seasonall

y ice-free 

TSR

: 

first

-

year 

ice 

TSR: 

perenni

al ice 

Destinatio

n shipping  

       

Transit 

shipping 

       

Fishing        

Cruising         

 

IV. Assess the potential influence of the following factors on Arctic trading over the next 
30 years. 

Factor Very weak Weak Moderate Strong Very 

strong 

Abundance 

of resources  

     

Accessibility 

of resources 

     

Price of 

natural 

resources 

     

Global 

economic 

growth 

     



SEDNA	D1.2	
	

	

111	

Global 

political 

stability 

     

Political 

stability 

between the 

Arctic 

nations 

     

 

V. Assess the potential attractiveness per type of cargo of using Arctic routes for transit 
shipping.  

Cargo Very weak Weak Moderate Strong Very 

strong 

Oil       

Gas: LNG      

Bulk      

Containers      

General cargo      

Specialised 

cargo 

     

Other (please 

name using 

the cell 

corresponding 

to the approp. 

level) 

     

 

VI. Assess the potential attractiveness per type of cargo of using Arctic routes for 
destination shipping.  

Cargo Very weak Weak Moderate Strong Very 

strong 

Oil       

Gas: LNG      

Bulk      
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Containers      

General cargo      

Specialised 

cargo 

     

Other (please 

name using 

the cell 

corresponding 

to the approp. 

level) 

     

 

 

VII. Assess the potential influence of the following technological outcomes on Arctic 
shipping over the next 30 years. 

Factor Very weak Weak Moderate Strong Very 

strong 

Real-time and whole 

Arctic weather 

forecasting  

     

Optimized provision of 

navigational assistance 

for Arctic ice barriers  

     

Enhanced ship 

hull/system performance   

awareness for tactical 

navigation in Arctic ice 

     

Enhanced navigational 

awareness for tactical 

navigation in Arctic ice 

     

De-icing solutions       

Experiences gained and 

lessons learned from the 

Yamal LNG system 
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VIII. In 2009 the Arctic Council outlined the following scenarios (Figure 1) for the future 
Arctic Marine Navigation by 2050. 1. Select the scenario you see unfolding at present 
and 2. select the scenario with the highest likelihood by 2050.    

1. 

2. 

 

Figure 37: Source: Arctic Marine Shipping Assessment of the Arctic Council's Protection of the Arctic Marine 
Environment Working Group. (2008) The Future of Arctic Marine Navigation in Mid--Century: Scenario 
Narratives Report. p.5  

Please add below any additional comments you may have about any of the questions / 
answers  

 

 

My confidence level in assessing this is:              My scientific expertise is in: 
 

Low Medium  High 
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Arctic Resources 

IX. According to USGS undiscovered deposits are estimated to be approx. 5.9% and 24.3% 
of the world’s known oil and gas reserves respectively. With regards to non-fuel 
minerals, the estimated value of mineral reserves in the Russian Arctic alone are 
estimated to be approx. two trillion US dollars. Do you consider these estimations 
accurate? 

1. No, Arctic resources are significantly overpredicted 

2. No, Arctic resources are overpredicted 

3. Yes 

4. No, Arctic resources are underpredicted 

5. No, Arctic resources are significantly underpredicted 

X. With 5 being the highest and 1 the smallest, identify the extend of exploitation for the 
following Arctic resources by 2050   

Resource 1 2 3 4 5 

Oil      

Gas      

Mineral fuels 

(coal)  

     

Non-fuel 

minerals  

     

Precious 

metals 

     

Wild 

fisheries 

     

Aquacultures      

Renewable 

energy 

     

Tourism      

 

XI. Categorise the influence level the following factors are expected to have on the 
exploitation of Arctic resources by 2050    

Factor No 

influence  

Very 

limited 

influence 

Limited 

influence 

Strong 

influence 

Very 

strong 

influence 
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Oil and Gas 

price 

     

Price of 

natural 

resources 

     

Renewable 

energy prices 

     

Global 

policies for 

de-

carbonisation 

     

Growth rate 

of the global 

economy 

     

Global 

recession 

and/or trade 

wars 

     

US non-

ratification of 

the UNCLOS  

     

Unresolved 

UNCLOS 

territorial 

claims 

     

Dispute over 

the 

Northwest 

passage 

     

Arctic 

nations 

current State 

policies 

encouraging 
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XII.  
With 5 being the highest and 1 the smallest, identify the likelihood of a treaty similar to 
the 1959 Antarctic Treaty: ‘Recognizing that it is in the interest of all mankind that 
Arctic (originally: Antarctic) shall continue for ever to be used exclusively for peaceful 
purposes and shall not become the scene or object of international discord’ for the 
Arctic. 

i.   

XIII. How likely is it that public concern about potential environmental impacts will have a 
restraining effect on the exploitation of Arctic resources? 

1. Strongly likely  

2. Very likely  

3. Likely  

4. Not likely 

5. Strongly unlikely  

XIV. What level of new infrastructure building, including ship building, will be required to 
meet the future exploitation of Arctic resources? 

a. Very low 

resource 

extraction  

Non-Arctic 

nations 

current State 

policies 

encouraging 

resource 

extraction 

     

 

Lack of State 

policies for 

resource 

extraction 

     

Future State 

policies for 

resource 

extraction 
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b. Low 

c. Average 

d. High 

e. Very high 

XV. In 2009 the Arctic Council outlined the following scenarios (Figure 1) for the future of 
Arctic shipping by 2050. 1. Select the scenario you see unfolding at present and 2. 
select the scenario with the highest likelihood by 2050.    

1. 

2. 

 

Figure 38: Source: Arctic Marine Shipping Assessment of the Arctic Council's Protection of the Arctic Marine 
Environment Working Group. (2008) The Future of Arctic Marine Navigation in Mid--Century: Scenario 
Narratives Report. p.5  
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Please add below any additional comments you may have about any of the questions / 
answers  

\ 

 

 

 

 

 

 

 

 

 

 

 

 

 

My confidence level in assessing this is:              My scientific expertise is in: 
 

Low Medium  High 

   
 

	


