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A B S T R A C T   

Increasing shipping traffic in the Arctic Ocean creates an emerging need to understand the 
consequences of maritime operations on the Arctic environment and coastal Indigenous and non- 
Indigenous communities, as well as potential governance responses. To address this need, we 
examine recent shipping trends and assess their impact on Arctic environments and communities. 
Our arguments are novel, and are built around contemporary empirical investigations and pub
lished scientific studies, reports, and government documents. The paper concludes that the 
environmental and community impacts vary across the Arctic and that greater international co
ordination is needed to learn from experience, to share assets and capacities, and to guide 
responsible and sustainable development of Arctic shipping. Given the possibility for opening of 
the Transpolar Sea Route within the coming decades, further proactive steps, such as developing a 
governance framework, could help Arctic shipping avoid rather than attempt to correct problems.   

1. Introduction 

The prospects for Arctic shipping have received a great deal of governmental, economic, scholarly, and public attention, especially 
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since publication of the Arctic Marine Shipping Assessment (AMSA 2009). Recent growth in Arctic shipping activities has led to a variety 
of environmental impacts that affect local viability and cultural concerns of residents of the Arctic coastal states (Norway, Russia, USA/ 
Alaska, Canada and Greenland/Denmark). Most vessels today typically operate close to coastal areas and pass through the areas of 
ecological significance (AMAP/CAFF/SDWG 2013). Any accidents in vulnerable Arctic environments may pose cascading impacts for 
local communities, affecting their livelihoods, well-being, and food security. Moreover, the prospect of further increases in Arctic 
shipping raises concerns about additional socio-cultural effects on Arctic peoples and environmental effects on Arctic ecosystems even 
from normal operations (ITK 2017, Dawson et al. 2020, Olsen 2020, Panahi et al. 2022, Osmundsen 2023, Richard et al. 2023). These 
topics have not been reviewed for Arctic shipping as a whole since publication of the 2009 Arctic Marine Shipping Assessment. Hence, the 
holistic review and synthesis of existing knowledge on Arctic shipping impacts present the rational for this study. 

To consider what has happened in the decade and a half since the Arctic Marine Shipping Assessment, this paper examines Arctic 
shipping development and its impact on local communities and environments to assess where action is most needed to reduce risks 
while also considering the opportunities that such shipping presents. It begins with a review of the context of local and commercial 
shipping in the Arctic. Furthermore, this review comprises the description of shipping types and routes, and cultural and environ
mental concerns and governance responses and limitations. In doing so, trends in shipping of different kinds and along different routes 
are examined, and potential governance measures at international and national levels, including efforts to promote Arctic shipping. 
Finally, based on this review, needs for action specific to each of the three major Arctic shipping routes are identified. 

The term “Arctic shipping” encompasses a variety of routes, vessel types, activities, destinations, effects, and governance strategies 
(Østreng et al. 2013). Vessel traffic is unevenly distributed across the Arctic. The Barents sector of the Arctic is the most navigable and 
least limited by sea ice, so it is not surprising that about 80 % of all Arctic shipping crosses the Norwegian sector of the Barents Sea. By 
any measure, the quantity of vessel traffic along the two main Arctic Sea routes, the Northeast and the Northwest Passages (NEP and 
NWP), has increased in recent years, a trend that is expected to continue (PAME 2020, Min et al. 2022, 2023). Navigation along the 
third route, the Transpolar Sea Route (TSR), may become feasible by the middle of the 21st century or even sooner, by 2040, as sea ice 
continues to retreat in the Arctic Ocean (Bennett et al. 2020, Stephenson et al. 2013, Cao et al. 2022, Li and Lynch 2023). 

Arctic routes are increasingly integrated in the global marine transportation system and provide considerable potential economic 
benefits (Goldstein et al. 2022, Li et al. 2023), even as loss of Arctic sea ice incurs considerable costs globally (Yumashev et al. 2019). 
Despite this attention, a broad overview of the context of Arctic shipping, its prospects, and impacts has not recently been undertaken. 
Though multiple studies (also in this Journal) have examined the environmental impacts of the Arctic shipping (e.g., Afenyo et al. 
2019, 2020, Cheaitou et al. 2020, Ding et al. 2020, Xu and Yang 2020, Chen et al. 2022), its influences on coastal Arctic communities 
are still understudied. The existing literature on potential shipping impacts on environmental aspects of communities’ viability (e.g., 
Ng et al. 2018, Raymond-Yakoubian 2018, Bennett et al. 2020, Olsen et al. 2019, Panahi et al. 2021, Afenyo et al. 2022a, b, van Luijk 
et al. 2022) also calls for a broader understanding of potential environmental impacts of shipping growth and governance responses, at 

Table 1 
Classification of Arctic shipping (adopted from Dawson et al. 2017).  

Classification Description Examples of Ship Types 

Government vessels and 
icebreakers  

• Designed to move and navigate in ice-covered waters  
• Must have a strengthened hull, an ice-clearing shape, and the power 

to push through ice  

• Coastguard  
• Icebreakers (private, research, 

government) 
Container ships  • Cargo ships that carry their load in truck-size containers  • Cargo transport 
General cargo  • Carry various types and forms of cargo  • Community resupply  

• Roll-on/roll-off cargo 
Bulk carriers  • Bulk carriage of ore (can carry either oil or loose or dry cargo, but 

not simultaneously)  
• Timber  
• Oil, ore  
• Automobile carriers 

Tanker ships  • Bulk carriage of liquids or compressed gas  • Oil, natural gas, chemical tankers 
Passenger ships  • Carry passengers for remuneration  • Cruise ships  

• Ocean liners  
• Ferries 

Pleasure craft  • Recreational vessels that do not carry passengers for remuneration  • Motor yachts  
• Sail boats  
• Row boats 

Tugs/Barges  • Tug: Designed for towing or pushing and general work duties  
• Barge: Non-propelled vessel for carriage of bulk or mixed cargo  

• Resupply vessels  
• Bulk cargo transport 

Fishing vessels  • Fishing boats used in commercial fishing activities  
• Generally small vessels, between 30 and 100 m  

• Small fishing boats  
• Trawlers  
• Whaling boats  
• Fish-processing boats 

Oil- and gas-exploration 
vessels  

• Designed specifically for the exploration and extraction of natural 
gas and oil  

• Seismic, oceanic, and hydrographic 
survey vessels  

• Oil drilling/storage vessels  
• Offshore resupply  
• Portable oil platform vessels  

H.P. Huntington et al.                                                                                                                                                                                                 



Transportation Research Part D 118 (2023) 103731

3

local, regional, and international levels (e.g., Todorov 2022). 
Depending on the calculation methods, there are 4–7 million people living in the Arctic, the greater part of in coastal areas 

(Jungsberg et al. 2019). Arctic coastal communities have historically relied on shipping as a means of mobility, community supply 
services, resource extraction, fishing, and additional income, for example from tourism. These communities engage in a wide variety of 
marine activities at sea and on sea ice, depending on location, time of year, and cultural patterns (AMAP 2011). Arctic marine eco
systems display extreme seasonal patterns and a wide range of biological productivity and abundance (AMAP/CAFF/SDWG 2013), 
factors that need to be taken into account when assessing the environmental effects of vessel traffic. 

2. Context and status 

2.1. Arctic shipping types 

Arctic maritime activities started with local uses of marine environments, and later extended to commercial fishing and whaling, to 

Fig. 1. Map of the major shipping routes through the Arctic and significant places mentioned in the text.  
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the quest for Arctic transit routes along the Canadian and the Russian coastline, and to resource development and the establishment of 
the NEP and the NWP (AMSA 2009). At present, less than 10 % of the world’s shipping occurs in the Arctic (Eguíluz et al. 2016), but the 
number of vessels operating in the region has been increasing substantially during the past few decades. In the Polar Code area (the 
International Maritime Organization’s definition of the Arctic waters), the number of vessels increased by 25 % from 2013 to 2019 
(PAME, 2020). Shipping in the Arctic, as elsewhere in the world, includes a variety of vessel types and purposes (see Table 1). Shipping 
operations can be divided between internal (between Arctic ports), destination (between two ports, one of those outside the Arctic), 
and transit operations (both ports outside the Arctic, but the route crosses the Arctic). 

Cargo is carried to the Arctic to supply communities and other installations, from the Arctic in the form of raw materials such as 
mineral ore and liquefied natural gas (LNG), and through the Arctic to connect manufacturing centers and markets. Cargo vessels of all 
kinds are typically traveling from one point to another in the most efficient manner possible. Fishing vessels are another form of 
resource extraction but spend time seeking and catching fish rather than simply in transit. Research vessels, similarly, may follow 
specific patterns in an area or stay in one location to take measurements. 

Passenger transportation, including cruise vessels and pleasure craft, has been one of the fastest- growing shipping industries in 
Arctic waters (e.g., Johnston et al. 2017, Têtu et al. 2018, Olsen et al. 2020a). Luxury and expedition cruise ships both large (greater 
than200 passengers) and small (less than200 passengers) are likely to seek out places of high natural beauty or biological abundance. 
Similarly, passenger vessels (i.e., private, or chartered yachts) tend to travel off the main shipping corridors into specific and often 
remote areas that have high aesthetic or adventure value (Johnston et al. 2017, Lau et al. 2023). Tourist voyages in the European part 
of the Arctic have been conducted since the middle of the 19th century. However, the number of vessels and the number of passengers 
on those vessels across the Arctic has rapidly increased over the past 30 years (e.g., Dawson et al. 2018). The phenomenon of “last 
chance tourism” premised on disappearing Arctic nature has become a popular trend in several Arctic destinations (Lemelin et al. 
2010). 

In addition to commercial and passenger shipping, military activity in the Arctic has a long history, especially involving submarines 
(Palma et al. 2019). There is growing attention to national security issues related to the loss of sea ice and the increase in commercial 
shipping and other industrial activities in the region (e.g., Office for the Undersecretary of Defense Policy 2019). Attention to shipping 
routes, port facilities, and other aspects of commercial shipping also raises questions about militarization (Zagorskiy 2019). Infor
mation about military activities and plans, however, is not readily available, and so this topic lies beyond the scope of this paper. The 
fact that national security matters often outweigh commitments to cultural and environmental protection, however, makes this an 
important topic for future research. (The authors note in this context that the armed conflict in Ukraine and the ensuing sanctions by many 
countries have at least temporarily reduced those countries’ interest in the NEP as well as the prospects for international cooperation involving 
Russia. How long this situation will persist is unknown at the time of writing and may have a lasting effect on at least some of the topics examined 
here.). 

2.2. Arctic shipping routes 

There are three major shipping routes through the Arctic (Fig. 1). The NEP extends from northern Norway across Russia to the 
Bering Strait, encompassing the Northern Sea Route (NSR). The NSR is currently defined by Russia as the waters within its exclusive 
economic zone (EEZ) between Cape Zhelanie (68◦35′E) and the Kara Gates in the west and Cape Dezhnev (168◦58′37′′ W) in the east. 
The NWP extends from Davis Strait by various passages through the Canadian Arctic Archipelago and around Alaska to the Bering 
Strait. The TSR, a still-hypothetical route, goes from the Bering Strait to the North Atlantic, through the high seas of the middle of the 
Arctic Ocean. All three routes include variations around islands and other geographic features. Additional routes such as the Arctic 
Bridge from Churchill, Manitoba, through Hudson Bay to Europe overlap with portions of the major Arctic routes, but will not be 
considered separately here insofar as the environmental and cultural concerns are similar. 

2.2.1. Northeast Passage/Northern sea route 
Parts of the NEP have been navigable for centuries, but the full route was first transited in a single season in 1932, under the 

command of Otto Schmitt. This event was followed by the establishment of an administrative body for the NSR, Glavsevmorput, and 
later the establishment of several settlements and polar stations to support this east–west transportation link (Komarova 2016). The 
amount of total cargo transported along the NSR peaked in 1986–1987, before a significant decrease during the collapse of the Soviet 
Union (Marchenko et al. 2016). In the 1990s, Arctic shipping reached a new milestone with the opening of Russian Arctic waters to 
international vessels. 

Most Arctic shipping at present occurs in the European part of the Arctic and along the NEP. Depending on the ports at either end of 
a transit voyage, the NEP is 24–37 % shorter than the route via the Suez Canal (Farré et al. 2014, Middleton 2021, Hermann et al. 
2022). However, the attractiveness of this route is limited by harsh climate conditions and the short navigation season, the world’s 
geopolitical situation, technological requirements, and high insurance costs, among other considerations. These features determine the 
structure of vessel traffic on the NSR. Destination shipping remains dominant and has been increasing. The cargo volume on the 
Northern Sea Route (NSR) increased from 7.5 million tons in 2016 to 31.5 million tons in 2019 (Gunnarsson 2021), and much of this 
can be attributed to LNG shipments from the Yamal Peninsula beginning in 2017. 

In 2020, LNG shipping accounted for 510 voyages (including return voyages in ballast), amounting to 59 % of cargo volume on the 
NSR. Crude oil accounted for 435 voyages (including in ballast), or 24 % of cargo volume. Diverse operations between the port of 
Dudinka serving the Norilsk mining complex and the Russian ports of Murmansk and Arkhangelsk located outside the NSR accounted 
for a further 201 voyages. These operations are performed by ice class Arc 7 and Arc 4 vessels (NSR Information Office 2021, Rosatom 
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2021). Transit shipping is concentrated in the navigation season, involves lower ice class Arc 4 and 5 vessels (NSR Information Office 
2021), and is dominated primarily by the transportation of iron ore (78 % of cargo in 2020), oil products (7 %), cellulose, and fertilizers 
(5 % each) (Rosatom 2021). 

The interest in transit operations along the NEP is still low (Zagorski 2017, Brigham 2020, Gunnarsson and Mo 2021), but slightly 
increasing, including the transit of the first container ship in 2018 (Humpert 2018). Interest may increase with Russia’s plan to 
facilitate year-round shipping along the NSR in the near future (Reuters 2021), supported by the new 120 MW leader-class nuclear 
icebreakers expected in operation by the late 2020s (Rosatom 2020). 

2.2.2. Northwest Passage 
The existence of the NWP was proposed by Europeans as early as 1490, however not until 1944 was it transited during a single 

navigation season (AMSA 2009). The NWP passes through the Canadian Arctic Archipelago and consists of several potential routes 
between the Bering Strait in the west and Davis Strait in the east, with the southernmost route being by far the most common due to 
milder ice conditions. From the 1940s to the 1990s, transit voyages occurred at very low levels, with a handful of notable transits 
marking the firsts of their kind. Not until 2013 did the first commercial transit of the NWP take place (Neuman 2013). Most transit 
voyages continue to be undertaken by passenger ships and small vessels on expedition-type trips, rather than to transport goods 
(Dawson et al. 2018, Copland et al. 2021). 

Destination shipping remains and is expected to continue to be the primary type of traffic in the NWP, with community-resupply, 
government operations, traffic related to mining projects, research, and tourism all steadily increasing (Dawson et al. 2018, 2021). 
Canada maintains that the NWP is internal waters and that vessels must adhere to domestic regulations, a position disputed by the 
United States and others (AMSA 2009). Though there has been speculation of increasing commercial transits as a result of decreasing 
ice cover and shorter distances between some ports, in practice the challenging nature of the route, including highly variable ice 
conditions and limited supporting infrastructure and services, means there continues to be limited commercial interest (Lasserre 
2011). 

Persistent and increasingly mobile sea ice has thus far prevented any sustained transit traffic from utilizing the NWP to any great 
effect. Despite imagined economic prosperity related to maritime trade via the NWP, this has not become a reality, albeit with climate 
change it will become increasingly possible in the future (Constable et al. 2022). Although some debate persists regarding what 
constitutes a “transit” of the NWP considering route variability, data collection methods, and definitional disputes, there is indeed a 
clear increase in ship traffic operating within its various passages. Most current traffic includes re-supply cargo ships that are servicing 
local communities and mines, fishing vessels (local and commercial), tankers, and tourist vessels (passenger vessels and pleasure craft). 
Although cargo ships, tankers, fishing, and military/research vessels make up the majority of total traffic volume currently operating 
within the NWP, the fastest growing maritime sector within the NWP in recent years (by far) is pleasure craft. Over the past thirty years 
the number of vessels operating within the region of the NWP with limited to no ice-strengthening has increased while the number of 
icebreaking and highly ice-strengthened vessels has decreased. This is in part due to societal and economic trends but it is also largely 
due to climate change which is creating increased accessibility to some areas of the NWP. Accessibility among vessels with medium or 
little ice strengthening within the NWP has increased substantially over time especially in the shoulder seasons (i.e., early season just 
after break-up and late season just before freeze-up) (Dawson et al. 2022). It is expected that future climate change will increase 
accessibility of the NWP even further. Mudryk et al. (2021) projected the future season length of the NWP, finding an increase of up to 
two-and-a-half months for the entire route and perhaps even longer in the Beaufort Sea region. 

2.2.3. Transpolar sea route 
The TSR presents the shortest pathway from the North Pacific to the North Atlantic. Still, there is no defined route for the TSR at 

present (Stevenson et al. 2019), as vessels would likely be constrained by where sea ice is present as well as the desire for the shortest 
pathway. No commercial shipping has taken place along the whole TSR, though parts of it have been navigated by research and cruise 
vessels and some full transits have been made by icebreakers. The Arctic region is warming four times faster than the world average, 
resulting in dramatic sea ice reduction (Rantanen et al. 2022). Several studies project the route to become seasonally ice free by mid- 
century, or even by 2040 (e.g., Bennett et al. 2020, Smith and Stephenson 2013). The question of how the opening of the TSR will affect 
activity level along the NEP remains open. The route may be attractive because it is the most direct, avoiding navigation challenges as 
well as fees or other restrictions and administrative barriers associated with the NEP and NWP. Whether and when these advantages 
will attract significant commercial traffic remains to be seen. Unlike the NEP and NWP, Svalbard is the only intermediate destination 
along the TSR between the Bering Strait and the North Atlantic. 

3. Impacts and concerns 

3.1. Environmental concerns 

The Arctic marine environment is changing rapidly due to global warming (Huntington et al 2020). Much of the region remains 
relatively undisturbed by local human activity, potentially leaving it susceptible to substantial environmental effects from even a 
relatively modest volume of shipping (AMSA 2009). Some of the effects of Arctic shipping have been documented and can be predicted 
with some confidence (Bennett et al. 2020, Huntington et al. 2015, Olsen et al. 2019). These include disturbance of marine mammals 
and seabirds, pollution of water and air from emissions and discharges from ships (Chen et al. 2021), potential transport and release of 
invasive species, and the risk of accidents and especially fuel spills (Afenyo et al. 2019). In general, environmental concerns can be 

H.P. Huntington et al.                                                                                                                                                                                                 



Transportation Research Part D 118 (2023) 103731

6

divided into three categories: the chronic effects of routine shipping, the acute effects of accidents and spills, and the effects of targeted 
activities such as fishing or tourism to ecological hotspots. Emergency response is particularly challenging. Environmental concerns in 
the Bering Strait region mirror those described for cultural and social concerns above, so this section focuses on other areas of the NEP 
and NWP. 

With expected and already planned new economic development along the Arctic coast and in the Arctic Seas of Russia, shipping 
activity along the NEP/NSR is likely to grow in the near future (Government of the Russian Federation 2019). To minimize or mitigate 
possible adverse impacts of shipping along the NEP/NSR, it is important to consider vessel traffic patterns in the different parts of the 
route in light of the specific environmental characteristics of each part of the route. Shipping activities are unevenly distributed 
throughout the Russian maritime Arctic and therefore their impact on the environment varies sea by sea. Each economic activity 
results in a specific impact on biologically significant areas and is associated with specific risks. The impacts of vessel traffic on marine 
ecosystems along the NEP are limited mostly to physical disturbance, noise, both air and water pollution, icebreaking activities, the 
spread of invasive aquatic species, and the risk of a fuel or cargo spill. However, one of the noticeable environmental problems, marine 
litter from fisheries, has started to receive more attention, as both fishing activities and litter moves northward (Höjman et al. 2022; 
Olsen et al. 2020b) negatively affecting marine life and coastal populations. 

A comparison of a recent assessment of priority conservation areas in the Russian Arctic seas (Spiridonov et al. 2020) with the 
distribution of shipping density along the NEP/NSR (Grigor’yev, 2016) shows three large areas where shipping co-occurs with con
servation needs and demands more careful regulation and spatial planning including designation of recommended shipping corridors. 
One of these areas is the coast of the Barents Sea and particularly to its southeastern part (Kolguyev Pelagic Region) and waters 
adjacent to the western shores of Novaya Zemlya and Vaygach Island. All transit vessel traffic passes through those areas heading to the 
Kara Gates and Cape Zhelaniye to enter the NSR. The next area of substantial overlap is between the Kara Gates or Cape Zhelaniye and 
the Gulf of Ob (to the LNG and oil port of Sabetta) and Yenisei Bay (Dudinka and Norilsk) in the Kara Sea. The third area of high 
biodiversity value and with relatively high vessel traffic stretches between Pevek and the Bering Strait. Suggested priority biodiversity 
conservation areas along this stretch of the NEP include Chaun Bay (in the East Siberian Sea), Long Strait between Wrangel Island and 
Chukotka, the Wrangel Island marine zone, the Kolyuchinskiy marine region at the entrance in Kolyuchin Bay, and the Chukotskiy 
marine region located east of Wrangel and Herald Islands. 

Due to the absence of sea ice in most parts of the Barents Sea, the region is one of the most navigable in the Arctic. The shipping lines 
and corridors in the Barents Sea usually pass areas of ecological significance for several marine species and birds, presenting a high risk 
for vulnerable species in case of any accidents. The use of marine environments by the local community of Longyearbyen differs from 
the Indigenous populations in Canada and Bering strait. Locals do not use the marine environment for subsistence purposes, but fish 
and hunt occasionally for recreational purposes only. However, local residents and stakeholders have emphasized that the increased 
traffic in the Svalbard fjords have resulted in wildlife disturbance, emission to the air, and also marine litter from increased commercial 
fishing activities (Olsen et al. 2019). Another problem associated with increased human presence is seen on Solovetsky Archipelago, 
Barents Region. Members of that community have pointed out that wildlife disturbance has been limited on the archipelago due to 
stricter regulations (Olsen et al. 2019). However, waste generation on the island presents an emerging concern. The waste generated by 
residents and an increasing number of visitors bothers the local population as only a small portion of the garbage is transported to the 
mainland (Olsen et al. 2020a). 

In the NWP, the marine environment is characterized primarily by dramatic seasonal fluctuations in ice cover and ecological 
productivity. The environment is highly dynamic with key habitat areas exhibiting increased sensitivity to disturbance and pollution at 
different times of year. Routes through the NWP overlap to a great extent with identified Ecologically and Biologically Significant 
Areas (EBSAs) (Pew Charitable Trusts 2016) and newly identified CSMAs (Dawson et al. 2020, 2021). Given the characteristics of 
Arctic food webs and the stresses already created by climate change, major or cumulative pollution events or the introduction of 
invasive species could have devastating and long-lasting consequences (AMSA 2019, Huntington et al. 2015). This is a major concern, 
given the high degree of local reliance on healthy food from the ocean and the extremely limited capacity to respond, clean up, or 
undertake salvage operations (ICC-Canada 2008, AMSA 2009). 

Noise disturbance in key habitat areas has been repeatedly observed by Inuit and increasingly by science to negatively impact 
habitat use (Kochanowicz et al. 2021, Halliday et al. 2020). Key Arctic species, such as walrus and narwhal, have been observed to be 
especially sensitive to ship noise. In areas of intensive ship traffic, Inuit observers have seen major shifts in habitat use associated with 
aversion to underwater noise from large vessels. In other cases, Inuit have observed whales such as beluga following tracks created by 
icebreakers, leading to a high risk of ice-entrapment mortality events if the open water freezes behind them. 

Some recent efforts to protect sensitive ecological areas from shipping impacts have taken place, such as three recent Notices to 
Mariners issued by Transport Canada that aim to alert mariners to area-specific risks. Given the vast area covered by the NWP and the 
major shifts underway in the biophysical environment due to climate change, greater work is needed to identify and protect seasonally 
sensitive areas to prevent cumulative impacts and manage human activity accordingly. A key tool for shipping management in the 
Canadian Arctic is the establishment of marine protected areas with associated regulations, although these have not yet adequately 
addressed impacts from shipping and recent evidence suggests that ships are not abiding voluntary exclusion zones (Halliday et al. 
2022). 

Aside from the Bering Strait, the TSR does not pass near any coastlines or navigational hazards other than sea ice (Stevenson et al. 
2019). The middle section of the route does not pass through any known ecological hotspots, though spills and pollution would 
nonetheless damage the ecosystem. The risk of environmental damage has exacerbated the difficulty of responding to any ship that had 
an accident, since much of the route is far from any rescue capacity. If few ships are traversing the route, even response by another 
vessel could not be counted on. Thus, even a small problem may not be fixable for some time, magnifying the extent of the damage to 
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ship and sea. Nonetheless, the TSR can also be seen as the Arctic route that creates the least transit traffic through known ecological 
hotspots. 

3.2. Cultural and social concerns 

Impacts on the natural environment are closely interrelated with socio-cultural aspects of Arctic communities’ well-being. Traffic 
on the NEP and adjacent routes passes the coastal communities and port towns of Arctic Russia as well as northern Norway. NWP traffic 
passes western and northern Alaska as well as the Inuit communities of Arctic Canada and Greenland. The TSR, by contrast, remains far 
away from coastal communities apart from the Bering Strait and Svalbard area. Even though those areas are sparsely populated, 
existing studies document multiple social and cultural impacts on Indigenous and non-Indigenous peoples in this area (e.g., AMSA 
2009, Raymond-Yakoubian 2018). Cultural concerns include disturbance to the marine environment and to traditional hunting and 
fishing activities, and disruption to communities and archeological sites if vessel crew and passengers come ashore (Huntington et al. 
2015, 2019, Davydov and Mikhailova, 2011). These effects differ across Arctic communities and depend on location, type of ship 
traffic, seasonality, and how communities engage with their local environment (Olsen et al. 2019). 

Along the NEP, the Indigenous peoples of the Russian Arctic coast include three major cultural and economic ways of life (Krupnik 
1989, Klokov et al. 2001): Arctic marine mammal hunters (Yupik and Coastal Chukchi), tundra reindeer herders (Nenets, Evens, and 
Chukchi), and settled and semi-settled fishers and hunters living along the sea coasts and estuaries (Dolgans and Yakuts, as well as 
ethnic Russians who settled in the Arctic in the late 1700s). Shipping and vessel traffic often conflict with the traditional way of life of 
marine mammal hunters of Eastern Chukotka, particularly in the Bering Strait region as described above. Examples of a region along 
the NSR where traditional subsistence users may experience negative effects from shipping are the large deltas of the Ob, Taz, Pur, 
Yenisei, Lena, Indigirka, and Kolyma rivers. In these areas, shipping and associated infrastructure can have negative impacts on 
artisanal fishing, which has an important role in traditional subsistence practices of the Indigenous inhabitants. Shipping may also 
impact commercial fishing that often benefits local communities as well, especially around busy ports such as Sabetta and Dudinka. 

Studies from the Solovetsky archipelago in the White Sea describe multiple effects on a local community from increased ship traffic, 
especially from passenger vessels. Each summer, with the opening of the navigation season, the residents of the Solovetsky community 
are visited by tourists who arrive on domestic and international passenger and cruise vessels (Olsen and Nenasheva 2018, Olsen et al. 
2020a). One local concern is that cruise development comes with a need for infrastructure improvement, that in some occasions may 
conflict with the local desire to leave the natural environment and existing infrastructure in its original state to preserve the island’s 
history, nature, and spiritual solitude (Olsen and Nenasheva 2018). 

Despite these concerns, shipping remains the most affordable way to deliver supplies including fuel to Arctic communities. One of 
the critical functions of shipping along the NSR is the Northern Supply Haul (Severniy Zavoz) made possible by icebreaker support for 
vessels navigating through coastal Arctic seas into the ports frozen for most of the year. Over many decades, this method has proved to 
be the most reliable way to deliver all necessary supplies to local communities and to provide local transportation. Cruise vessels 
provide other economic opportunities in the form of new employment opportunities, value creation for local enterprises, and im
provements in infrastructure and services (Olsen 2020, Østreng et al. 2013). Cruise tourism also contributes to increased awareness 
among passengers on climate and environmental changes (Olsen et al. 2020a). Transit shipping has limited impact on local and 
Indigenous communities’ social and cultural well-being, since those shipping routes lie at a substantial distance from the shore. 

A study of the Svalbard community of Longyearbyen indicates that increased shipping activities have led to the development of the 
local harbor, town infrastructure, and search and rescue services (Olsen et al. 2020a). The same development comes with an increase in 
the number of tourists that results in a greater social disturbance and additional pressure on the natural environment and cultural 
heritage. The local population reports cases of inappropriate behavior of some cruise passengers. Disturbance of cultural heritage is 
another area of concern, as cultural monuments from before 1946 are automatically protected (Governor of Svalbard 2022a). Sval
bard’s cultural heritage has international significance as the archipelago has been used by different countries since the 16th century. 
Remains of earlier human activities, such as small houses from the whaling industry, trapper huts, and artifacts from the mining 
industry in the 19th and 20th centuries, are an attraction for the visitors (Hagen et al. 2012). The overarching protection principles 
state “that Svalbard’s cultural monuments shall be protected and looked after as a part of Svalbard’s cultural heritage and identity, and 
as a part of a comprehensive policy towards environmental management” (The Ministry of Climate and Environment 2001). 

On the other side of the Arctic, the Indigenous communities of the Bering Strait region are directly dependent on the sea (Ahmasuk 
et al. 2008) and provide a pertinent example of the cultural concerns of Arctic shipping, especially as all transit routes through the 
Arctic pass through the Bering Strait. The main features of the local way of life are traditional subsistence and a strong dependence on 
marine mammals, fish, and birds, which have been and remain the cornerstone of local communities, sustaining their vitality, identity 
and well-being. In the Bering Strait region, local communities are concerned that increased vessel traffic, especially those with 
icebreaker escorts, will affect the migration routes of marine mammals and the feeding and breeding areas of ice-related animals 
(Raymond-Yakoubian 2018; see Text Box). This scenario threatens the viability of Indigenous settlements. However, these same 
communities have an inherent right to exist (UN 2007) and are an integral part of today’s global society, dependent on shipping as a 
supplier of essential food, fuel, goods, and equipment. Thus, shipping is both a threat to Indigenous peoples and a support of their 
existence today. 

It was early summer a couple of years ago. You know, at this time of year, after a long winter, our village can finally eat fresh meat. We 
went hunting and found an ice floe where walruses were resting. The ice floe was strong and convenient for butchering walruses. At some 
point, one of us accidentally saw a ship approaching us and shouted about danger. It was scary. The ship was huge and was going straight 
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for us quickly. We rowed off the ice and started the engines to get away. We were lucky; the ship managed to turn to the other side and did 
not crush the ice floe where the half-cut walruses lay. 

–Konstantin Veketcheivun, Chukchi marine hunter, 53 years old, Chukotka, Russia, July 2016 

In Canada as in the Bering Strait region, Inuit communities lie along the coast of the NWP where their travel and harvesting ac
tivities inevitably intersect with shipping routes. As traffic has intensified more dramatically since approximately 2007 (Pizzolato et al. 
2014, Dawson et al. 2018), so too has local concern over impacts and risks to sensitive ecological areas and to cultural sites and 
practices. The Arctic Corridors and Northern Voices project has worked with more than 14 Inuit communities across Arctic Canada to 
map local and Indigenous knowledge of relevant ‘culturally significant marine areas’ (CSMAs) that can now be used to co-manage 
ocean environments where shipping activity is increasing (Arctic Corridors Research 2023). Mobility and harvesting in the marine 
environment are at the core of Inuit cultural identity (Aporta 2009, ICC-Canada 2008, ITK 2017). Moreover, the harvesting rights of 
Inuit communities are protected by the Canadian Constitution as well as modern land claims agreements. Thus, interference with local 
access to or degradation of key harvesting sites from maritime activity would infringe upon Indigenous rights (Van Luijk et al. 2022). 
Ensuring that Arctic shipping does not undermine cultural integrity and continuity in a changing Arctic is all the more important given 
that almost the entire Canadian Arctic is not accessible by road. For both communities and resource development projects, destination 
shipping in particular provides the economic backbone of Arctic development. 

4. Governance 

This section examines the governance and promotion of Arctic shipping, to help identify where cultural and environmental threats 
are likely to be highest. Some degree of governance for Arctic shipping already exists, and more measures are emerging as Arctic 
shipping especially via the NEP is being promoted in various ways by different countries and organizations (e.g., OCIMF 2017). At the 
same time, some major corporations have pledged not to ship via the Arctic (Ocean Conservancy 2022), which may dissuade some 
commercial interest in Arctic shipping (Akbayirli and Tuna 2022). Furthermore, a recent economic analysis of Arctic shipping suggests 
that many of the supposed benefits may be overestimated (Wang et al. 2021). An important consideration with increased shipping is 
environmental justice, whether Arctic communities are bearing the risks of Arctic shipping without a proportionate share of the 
benefits or a proper voice in governance (Raymond-Yakoubian and Daniel 2018). 

Governance of shipping includes international and national measures, no less in the Arctic than elsewhere. The IMO has re
sponsibility for international shipping governance. In the Arctic and the Antarctic, the IMO has created the Polar Code, governing 
various aspects of ship operation, crew training, and environmental protection. The Arctic marine environment is reasonably well 
studied, but much remains to be learned, especially in a time of rapid biophysical change. Hence, the Polar Code includes recognition 
of this lack of knowledge and takes a precautionary approach to at least some aspects of Arctic shipping governance (Huntington et al. 
2019). Furthermore, in June 2021 the IMO banned some uses of heavy fuel oil in the Arctic as of 2024. The provisions of the IMO 
ballast water convention could also be applied in the Arctic. Ongoing negotiations concerning “biodiversity beyond national juris
dictions” or BBNJ may have implications for the TSR. In addition, the IMO has created shipping lanes and areas to be avoided in the 
Bering Strait region (Maritime Executive 2018). The shipping lanes were a joint proposal from Russia and the United States, suggesting 
at least some potential for cooperation on Arctic matters even in the midst of disagreements on other topics (Todorov 2022). At the 
regional level, the Arctic Council and Arctic Coast Guard Forum provide other regional mechanisms for cooperation on the governance 
of shipping (e.g., the Agreement on Cooperation in Aeronautical and Maritime Search and Rescue in the Arctic). 

At the national level, the vast majority of Arctic shipping passes along the coasts of Canada, Norway, Russia, and the United States. 
Each country has taken measures to address some aspects of shipping in their waters, which are summarized below. Greenland also 
borders the Arctic Ocean, but major international shipping activities have not yet taken place in Greenlandic waters. Domestic 
measures may be included in insurance policies, promoting compliance without a legal mechanism for enforcement. Under Article 234 
of the United Nations Convention on the Law of the Sea (UNCLOS), Canada and Russia have introduced special rules within their EEZs 
for waters that are ice-covered most of the year (Beckmann et al. 2017, Brigham 2020). Some aspects of these rules remain contro
versial, especially concerning internal waters and international straits. If international shipping continues to increase in the NEP and 
NWP, the balance of interests between coastal states and users of those routes should be defined more clearly (Beckmann et al. 2017). 
In addition, diminishing sea ice may change the areas where Article 234 applies and allow ships to avoid areas of contention especially 
along the NEP (Lynch et al. 2022). 

4.1. Russia 

Along the NEP/NSR, the Northern Sea Route Administration (NSRA) was established for managing the safety of navigation and the 
protection of the marine environment from pollution in the NSR. The NSRA issues permissions for navigation in the area based on the 
information provided by shipowners or masters. Whether permission is granted depends on whether the specifications of the ship 
match anticipated ice conditions in the relevant areas of the NSR during the proposed period of the voyage. The NSRA also decides 
whether and where a ship needs icebreaker support. The requirements formulated in the Polar Code are incorporated in the criteria 
used while processing applications. The NSRA also performs other related functions, such as providing the users of the NSR with 
information on ice and hydrometeorological conditions, assisting in the organization of search and rescue operations, and maintaining 
daily communications with ships. In 2021, the NSRA issued 1229 permissions to enter or transit the NSR and denied permissions to 35 
applicants (32 of them flying the Russian flag). At the beginning of NSRA operation, permissions were mainly denied due to the lack of 

H.P. Huntington et al.                                                                                                                                                                                                 



Transportation Research Part D 118 (2023) 103731

9

a valid classification certificate or the lack of valid civil liability insurance or a pollution-damage convention certificate. Now, typical 
grounds for denial include insufficient information provided by applicants, failure to conclude a contract for icebreaker support (if 
required), or unsuitability of the ship to navigate in anticipated ice conditions in requested areas in the relevant period of time. At the 
same time, the NSRA has limited powers to enforce the denial of permissions. In cases of violation of its decisions (to date, almost 
exclusively by ships flying the Russian flag), it simply informs the relevant national maritime authority (NSRA 2022, Moe and Brigham 
2017, Zagorski 2015). 

4.2. Norway 

An evaluation of future shipping trends shows that in the opening areas in the Barents Sea, the activity level will continue to in
crease, mostly by fishing and passenger vessels (Borch et al. 2016, DNV-GL 2014). Svalbard may in the future provide infrastructural, 
communication, and search-and-rescue services for traffic along the TSR (Olsen et al. 2020a, Olsen et al. 2022).To address this growth, 
a white paper on the High North (The Ministry of Foreign Affairs 2020) sets out the government’s policy on the commercial potential of 
Arctic transport routes, while simultaneously recognizing the need to address safety of navigation and environmental concerns (see 
also The Ministry of Foreign Affairs 2014). One of the examples for achieving those goals is the government’s implementation of a 
heavy fuel oil ban for vessels operating in Svalbard waters. 

The growth in tourism activities in Svalbard waters, including cruise ship voyages, has led to a number of changes in environmental 
regulations on Svalbard (e.g., Hovelsrud et al. 2021). The Svalbard Environmental Protection Act (Ministry of Climate and Envi
ronment 2001) is comprehensive and stricter than mainland Norway conservation legislation. Environmental policy in Svalbard states 
that in cases of conflict, environmental protection shall be prioritized over commercial interests. This policy principle is evident in the 
current revision of several environmental regulations pertaining to marine and terrestrial traffic, cultural heritage, research activities, 
commercial tourism operations and safety. The gradual tightening of environmental control causes tensions among residents in 
Svalbard, most of the commercial sector, as well as among some of the nations that are signatories to the Svalbard Treaty. Moreover, 
due to disappearing sea ice, ice-breaking activities are prohibited in the fjords for commercial traffic (Olsen et al. 2019). 

To address the impacts from increasing shipping traffic in Svalbard waters, several measures have been implemented, such as the 
establishment of a cruise network, visitor management services and community and site guidelines (AECO 2018). However, as more 
restrictions on heavy fuel oil are imposed in the Svalbard area, there may be significant reductions in overseas cruise ships visiting the 
archipelago, while small, expedition cruises could increase. This will also change the type and number of visitors to Longyearbyen. 

4.3. Canada 

Along the NWP, Canada neither actively promotes nor deters Arctic shipping activity. The government continues to focus its efforts 
primarily on enabling community resupply and resource extractive industries, while making efforts to mitigate risk and improve 
management of other types of traffic. The Arctic Water Pollution Prevention Act has served as the primary vehicle for Arctic-specific 
regulation of shipping. Under this Act, key aspects of the IMO Polar Code and the Canadian domestic regime are implemented 
including mechanisms for assessing vessel ice strengthening and the requirement for an Arctic Pollution Prevention Certificate. 
Canada’s mandatory reporting system is also implemented under this Act and operates through the Marine Communication and Traffic 
Services offices in Iqaluit, Nunavut, and Inuvik, Northwest Territories. These offices also provide regular information to vessels in the 
Arctic on weather and ice forecasts (provided by Environment and Climate Change Canada) and safety and navigational warnings. 

Passenger vessels planning to operate in the Canadian Arctic are subjected to the highest level of oversight and scrutiny, including 
voyage-specific permitting and certification requirements outlined in the Guidelines for the Operation of Passenger Vessels in Ca
nadian Arctic Waters. Two high profile grounding events in 2010 and 2018 have highlighted the elevated risk posed by these vessels 
and reviews by the Transportation Safety Board identified insufficient voyage planning and risk mitigation as key factors in these 
grounding events. 

A key element of risk in the Canadian Arctic is the lack of modern bathymetric information, with only 15.2 % of Canadian Arctic 
waters surveyed to modern or adequate standards (Government of Canada 2023). To improve chart accuracy and other services along 
key routes, the Government of Canada has undertaken to implement the Low Impact Shipping Corridors Initiative (see https://www. 
arcticcorridors.ca). This initiative seeks to designate primary and secondary routes throughout the Canadian Arctic where a higher 
level of information and services will be available, including modern charting, navigational aids and emergency response capacity. 

Recent investments through the Ocean Protection Plan and other initiatives, including marine protected areas, have increased 
much-needed local infrastructure, Coast Guard presence, and aerial oversight, as well as accelerating bathymetric surveying and 
charting efforts. Canada has also announced plans to build additional ice capable vessels for the Canadian Coast Guard and Canadian 
Navy to increase capabilities in the future. Notably, Transport Canada has made recent efforts to improve Arctic shipping management 
by working with Inuit rights holders to address local concerns, primarily through the implementation of new governance tables and 
development of Notice to Marines (NOTMARs). Greater effort, however, is needed to monitor and ensure compliance with these new 
rules. 

4.4. United States 

The U.S. has carried out one port access route study for its waters in the Bering Strait area and is conducting a second for its Arctic 
waters in the Chukchi and Beaufort Seas. The one for the Bering Strait, completed in 2016 (USCG 2016), led to proposals to the IMO for 
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shipping lanes and areas to be avoided in the Bering Strait area (Huntington et al. 2019). The study for the Chukchi and Beaufort Seas is 
underway, delayed in part by COVID-19. That study may also propose shipping lanes, which ideally would connect with shipping lanes 
established by Canada in the eastern Beaufort Sea as well as with the IMO-designated lanes in the Chukchi Sea. Neither study was 
intended to promote or deter shipping through U.S. waters. More recently, the U.S. has committed $250 million to expansion of port 
facilities in Nome, Alaska, on the southern side of the Seward Peninsula in the Bering Sea (Schreiber 2022). The expansion may be seen 
as an effort to promote shipping, or to be ready for shipping that will happen regardless, or simply as part of a nationwide effort to 
improve infrastructure. Planning efforts for Arctic shipping in Alaska have not to date been accompanied by substantial investment in 
Coast Guard capacity in the region, though there have been seasonal deployments of personnel and aircraft in northern Alaska. 

4.5. Indigenous and local engagement 

An important challenge in Arctic shipping governance has been inherent difficulties in bringing local concerns over shipping 
impacts borne out in small Arctic communities to the national and international fora where shipping regulations are made (e.g., 
Shadian 2014). Local communities in the Arctic, including those from the Bering Strait region, are having to deal with the effects of 
rapid climate change (Huntington et al. 2020). Among the natural factors, there have been temporal and spatial shifts in the migrations 
of marine mammals (Moore and Huntington 2008) and diseases and die-off of seals and seabirds (NOAA Fisheries 2022, Will et al. 
2020). This chain of events in turn changed the patterns of subsistence activities and the traditional diet. The melting of sea ice has also 
led to an increase in anthropogenic pressure on the region. There has been a noticeable increase in the Arctic offshore exploration and 
shipping along the NSR and NWP. In recent years, year-round ship expeditions accompanied by icebreakers along the NSR began. This 
has given rise to yet another concern about possible ship collisions with marine mammals in breeding areas. Therefore, Indigenous and 
non-Indigenous peoples were looking for leverage to deal at least to some degree with the manageable problems faced by the com
munities, for example to be represented in international regulatory mechanisms. 

In cooperation with conservation organizations, a number of meetings and presentations by Indigenous representatives from 
Canada, the U.S., and Russia have been organized over the years at Marine Environment Protection Committee meetings of the In
ternational Maritime Organization (IMO), which is responsible for international shipping regulations. The main goals of this activity 
were to articulate and visualize Indigenous peoples’ concerns about the impacts of Arctic shipping on their culture and environment 
and their need to be represented in decision-making processes. The efforts have met with success at the international level, as the Inuit 
Circumpolar Council (ICC) has become the first Indigenous organization to achieve provisional status at the IMO. The participation of 
ICC in the forum may facilitate greater consideration and action by the international shipping community to understand, address, and 
prevent impacts of Arctic shipping to Inuit communities. The full implications of the United Nations Declaration on the Rights of 
Indigenous Peoples in the work of the IMO, however, has yet to be determined. 

Inuit in Canada have also made repeated calls for greater involvement in the governance and management of Arctic shipping 
activities. In particular, interest in increasing local capacity and control over shipping activities, such as through local hunters and 
trappers organizations and committees, as well as a desire for stronger regulation and government presence have been a consistent 
finding in recent research (ITK 2017, Falardeau et al. 2019, Dawson et al 2020, Carter et al. 2022). Inuit organizations, communities, 
academia and civil society have engaged with the Government of Canada to improve the Low Impact Shipping Corridors by including 
co-governance with Indigenous groups and environmental protection. Work in this regard is on-going. Through the development of 
Low Impact Shipping Corridors in Arctic Canada (Chenier et al. 2017, Dawson et al. 2020), extensive efforts have been taken to identify 
community concerns related to Arctic shipping activity and growth and to identify culturally significant marine areas (CSMAs) that 
may require some level of protection or consideration among ship operators. Identification of CSMAs was a recommendation of the 
2009 AMSA report in recognition of the cultural importance of marine areas and of the value of marine resources for northern and 
Indigenous peoples who continue to engage in subsistence hunting and fishing activities for health, wellbeing, and to support local 
livelihoods. 

Non-Indigenous populations in the Arctic have also engaged in adaptive responses to increasing ship traffic, especially cruise 
vessels. The local community of Longyearbyen has been involved in visitor management, development of community guidelines and 
search and rescue activities (AECO 2018, Olsen et al. 2020a). Participation in visitor management is also common for local com
munities in North Norway, e.g., the Lofoten islands (Fabritius and Sandberg 2012), and Northern Russia, e.g., Solovetsky (Olsen and 
Nenasheva 2018). 

5. Priorities for the future 

Given the existing environmental and socio-cultural concerns related to Arctic shipping, the expectation of further increases in all 
seasons, and the resources available for effective management, the areas and topics in greatest need of further attention are assessed 
next. A lack of knowledge on and management responses to impacts from shipping will lead to accumulating effects on Arctic cultures 
and ecosystems. Moreover, unmanaged impacts may add further exposure to communities who already experience multiple changes in 
environmental, demographic and economic. The steady erosion of cultural integrity and ecosystem health has been seen elsewhere in 
the world. An alternative is a vigorous program of coordinated action, not just to study Arctic shipping, but to continue developing 
effective governance practices that are appropriate for local conditions in relation to the type and magnitude of contemporary and 
projected shipping. In this section, several areas for attention are proposed (see Table 2). 

For the NEP and NWP, resource development is likely to be the main driver of increased shipping in the near future. Transshipping 
will remain of interest, and of course be the only shipping of interest via the TSR, but large increases in transshipping appear unlikely at 
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this point. Further attention is needed to the prospects for shipping of all types and on all routes, in part to identify emerging challenges 
to culture, environment, and governance as well as likely patterns of vessel traffic and economic factors (Cheaitou et al. 2020, Ding 
et al. 2020, Xu and Yang 2020, Jones et al. 2023). 

Regarding cultural and social concerns, the Bering Strait region is a clear focus of concern for the present, since all three routes 
converge here. The rest of the NWP and the NEP especially in northern Europe also deserves attention due to intensity of shipping 
activities. Pressure for increased shipping comes almost entirely from outside the region, and the benefits from that shipping accrue 
largely outside the region as well. With the prospect of environmental injustice—benefits to one group, costs or risks to another—there 
is an urgent need for further work to develop appropriate management and governance approaches to reduce negative impacts to 
coastal communities and, where possible, to identify local benefits that can be achieved. A comprehensive, interdisciplinary assess
ment of the impact on the Bering Strait region would be a starting point and could be copied or extended to other regions as well. A 
crucial question is the role of Indigenous peoples and local communities in helping shape their own futures. Monetary compensation 
and infrastructure development are usually described as benefits from shipping, but money and infrastructure alone cannot preserve 
cultures and ecosystems. Greater attention is needed to alternative ways of rectifying environmental injustice and protecting Indig
enous cultures and local communities’ well-being. Also, the agency of Arctic populations in developing adapting responses is yet 
understudied, while the existing examples from the European and the Canadian Arctic emphasize their importance. 

Environmentally, chronic pollution and noise disturbance are concerns, and accidents including oil spills are an even larger threat. 
Improved traffic management, communication services, vessel and crew standards, and charting of Arctic waters can all help reduce 
the threat but cannot eliminate it. In addition to making all efforts to reduce the risk of accidents and spills, response capacity needs to 
be increased as well. The 2011 Agreement on Cooperation on Aeronautical and Maritime Search and Rescue in the Arctic and the 2013 
Agreement on Cooperation on Marine Oil Pollution Preparedness and Response in the Arctic initiated by the Arctic Council are a start 
but need further to be backed up by investment in equipment and trained personnel to respond quickly. Furthermore, the oil spill 
agreement does not cover the high seas area of the Central Arctic Ocean, leaving a gap along the TSR. In addition, more attention is 
needed to environmentally sensitive areas including measures to adjust vessel traffic to avoid aggregations of wildlife. 

Finally, the green energy transition aims to reduce greenhouse gas emissions from ships in the Arctic. The IMO and its members 
states are moving toward a ban on heavy fuel oil after July 1, 2024 with a series of exemptions (IMO 2021), while the Norwegian 
Government has already adopted heavy fuel oil ban in Svalbard waters that came into effect on January 1, 2022 (Governor of Svalbard 
2022b). In addition to national and international regulation, some Arctic tourism industry operators, e.g., Hurtigruten, are already 
limiting their emissions by using hybrid engines for their vessels (Hurtigruten 2019). Larger questions of an industry-wide transition in 
fuels and operations are beyond the scope of this paper, though in future they may have implications for greenhouse gas emissions and 
pollution risk. 

Future shipping trends of concern include the rise in winter traffic, requiring ice-breaking capacity and causing additional 
disturbance in time and space for Arctic cultures and ecosystems. Open-water traffic carries risk, but not as great as the risk created 

Table 2 
Comparison of the Northeast Passage, Northwest Passage, and Transpolar Route, with key concerns and unknowns in bold.  

Parameter NEP/NSR NWP TSR 

Main types of 
shipping 

Resource development, community re- 
supply, fishing, cruises, research transit 
shipping, government vessels 

Community re-supply, resource 
development, cruise, government vessels 

(Anticipated) 
Transshipping, including cruises, research 
and government vessels 

Socio-cultural 
concerns 

Disturbance and social wear and tear in 
the Bering Strait region, Barents Sea and 
North Norway, less of a concern along most 
of the Siberian Russian coast because there 
are few maritime communities or cultures 
except for Chukotka 

Disturbance throughout the NWP, from 
Bering Strait to Davis Strait, due to 
prevalence of maritime cultures and 
communities along most of the route 

Disturbance in the Bering Strait Region 
and Svalbard 

Environmental 
concerns 

Shipwreck or oil spill, noise disturbance, 
icebreaking, discharges, emission, 
disturbance of species by passengers, waste 
concerns (including marine litter from 
fishers) in important marine areas 
throughout the NEP/NSR 

Shipwreck or oil spill, lack of charting and 
navigational aids, noise disturbance 
icebreaking, important marine areas 
throughout the NWP 

Shipwreck or oil spill, noise disturbance; 
Bering Strait and Svalbard are areas of 
greatest concern 

Shipping volume 
and trend 

Moderate but rising quickly 
Year-round traffic in some areas, 
increasing volume of traffic, especially in 
winter 

Modest 
Year-round traffic in some areas 

Only research and cruise vessels to date 
When the route may become 
commercially viable, with or without 
ice-strengthened vessels 

Promotion of 
route 

Strong support and investment from Russian 
government, “Polar Silk Road” in China’s 
Belt and Road Initiative, interest from 
other countries & shipping companies 

Limited support or investment from 
Canadian and US governments, limited 
interest by other countries 

Almost none to date 

Governance Strong control by Russian and Norwegian 
government, IMO-approved Bering Strait 
shipping routes and ATBAs, extensive 
capacity for response and enforcement 
Regional agreements on SAR and oil spill 
preparedness. 

Development of “Arctic Corridors” system, 
Arctic PARS, IMO-approved Bering Strait 
shipping routes and ATBAs, minimal 
capacity for response and enforcement 

IMO Polar Code, IMO-approved Bering 
Strait shipping routes and ATBAs, minimal 
capacity for response and enforcement, 
no specific TSR measures  
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during the ice season. Ice conditions may also cause vessels to deviate from established shipping routes to reduce hazards to ship and 
crew, which can reduce the predictability of ship traffic patterns and cause disturbance in additional areas. 

In recent years, non-Arctic states have taken an interest in Arctic shipping. These include China (Gao and Erokhin 2019), as well as 
the Republic of Korea, which has constructed several LNG carriers for Arctic conditions (Reuters 2018). China has also identified the 
NEP as the “Polar Silk Road” component of its global Belt and Road initiative, raising the prospect of extensive investment not only in 
port and maritime facilities but also in transportation links by river and rail. At present, however, these ideas remain largely confined 
to paper, though they have attracted considerable attention in Finland, Norway, and Iceland as well (Bennett 2014, Staalesen 2016, 
Humpert 2019). The Norwegian port city of Kirkenes, for example, is positioning itself as an Arctic hub for the Polar Silk Road (Daily 
Scandinavian 2020). 

The extent to which Arctic and non-Arctic states and companies will continue to invest in and promote Arctic shipping is also 
unknown. Resource development projects are clearly dependent on ship access, whether seasonal or year-round. Transshipping 
prospects may be enhanced by investments in ports and maritime facilities and navigation support, such as accurate charting. A major 
question is the extent to which China will invest in the Polar Silk Road, which has the potential to reshape Arctic vessel traffic for 
decades to come. Another question is the degree to which Canada and the U.S. will continue to be largely reactive to Arctic shipping, 
rather than attempting to promote or deter the use of the NWP and perhaps TSR. 

Finally, the question of governance brings many of these concerns together (Cao et al. 2022). Russia has invested extensively in the 
development and management of the NSR, building considerable capacity and experience. Should this level of control be combined 
with genuine attention to cultural and environmental concerns, Russia could provide a model for effective governance of sustainable 
Arctic shipping - but this is yet to be seen. Canada and the U.S., on the other hand, have limited capacity for response and enforcement 
in their waters, though vessel traffic measures in both countries are likely to enjoy a high rate of compliance. The focus on recon
ciliation with Indigenous Peoples in Canada from the current federal government, including major commitments via the Inuit 
Nunangat Policy and a renewed commitment to the UN Declaration on the Rights of Indigenous People (UN 2007), suggest that the role 
of northern and in particular northern Indigenous peoples in Canada in co-managing or governing the future Arctic shipping will be 
very important. The involvement of Indigenous peoples and local communities in shipping governance remains a work in progress. 
Internationally, the IMO’s Polar Code has been a powerful device as well as a contribution to effective governance of Arctic shipping, 
and more recent measures such as shipping lanes and areas to be avoided in the Bering Strait are a welcome addition. Further steps, 
such as a governance framework for the TSR (Bennett et al. 2020, Cao et al. 2022) or even an agreement not to use it commercially for 
the time being, could help avoid problems rather than trying to rectify them after they occur. 

In summary, Arctic shipping continues to supply remote communities, support resource development, and offer potential for 
transshipping. Most activity is and is likely to remain along the NEP, particularly in the Kara and Barents Seas. Cultural and envi
ronmental concerns remain high, given high reliance by Indigenous communities on the Arctic marine environment and the risks from 
disturbance and accidents in waters that remain relatively undisturbed. Effective governance can contribute a great deal to reducing 
risks and promoting equitable benefits. Such governance, however, depends on attention and investment, which to date has been 
forthcoming mostly from Russia. Given the rate of sea ice decrease in the Arctic, greater international coordination is urgently needed 
to learn from experience, to share assets and capacities, and to guide responsible and sustainable development of the Arctic and 
shipping operations. As noted above, further research on specific aspects of Arctic shipping can improve understanding of shipping 
trends, cultural impacts, environmental concerns, and the prospects for effective governance, topics that are relevant globally as well 
as in the Arctic. 
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