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EXECUTIVE SUMMARY 

Climate warming in the Arctic Region opens up for new or changes and expansion of existing 
maritime business activities. The future business development perspectives for three important 
components of the Arctic Blue Economy ς maritime transport via the Arctic Ocean, cruise 
industry in the Svalbard area and fishery in the Barents Sea has been analysed. The maritime 
transport and cruise industry will potentially increase substantially over the coming years due 
to retreat of Arctic sea ice although the Covid-19 pandemic most likely will have severe negative 
impact on the cruise industry in the immediate future. Barents Sea fishery will have to address 
changes in the pursuit of their profession due to climate and human introduced changes in the 
stock composition and distribution.   
 
Entering into operations in the harsh Arctic environment requires good knowledge and 
understanding of the physical environmental conditions to ensure a sound decision process on 
economy, efficiency, safety of ship, crew and cargo and protection of the vulnerable Arctic 
environment. Therefore, examples of basic statistical analysis of relevant parameters like sea 
ice, wind, waves, temperature and salinity has been performed to outline the trends in change 
of environmental condition of importance for maritime operations in the Arctic. Additionally, 
operational meteorological and oceanographic near real time products and services are 
important when actually operating in the area.  
 
Satellite observations and outputs from numerical models are essential data sources for 
ƎŜƴŜǊŀǘƛƻƴ ƻŦ ƻǇŜǊŀǘƛƻƴŀƭ ǇǊƻŘǳŎǘǎ ŀƴŘ ǎŜǊǾƛŎŜǎΤ ōǳǘ ǘƘŜ ǘǊǳǎǘǿƻǊǘƘƛƴŜǎǎ ƻŦ ǘƘŜ ƛƴŦƻǊƳŀǘƛƻƴΩǎ 
from these two data sources depends critically on the availability of in situ observations of key 
variables for assimilation in the models and especially for validation of quality of the generated 
data products. Unfortunately, the availability of enough relevant and high-quality in situ 
observations of oceanographic and meteorological variables from the Arctic Region is far from 
satisfactory for this purpose.  
 
It is therefore crucial to design and implement a fit-for-purpose Arctic Observing System to 
ensure the availability of high-quality in situ data needed for model assimilation as well as 
validation of the quality of model and remote sensing products used both for statistical trend 
analysis and particularly operational purposes.  

In the perspective of increased maritime activity in the environmentally vulnerable Arctic 
Region it would be advisable to perform monitoring and analysis of environmental pressures 
similar to the one performed by European Maritime Safety Agency (EMSA) and European 
Environmental Agency (EEA) for the European Seas (EMSA & EEA,2021). 
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Introduction 
Substantial effects of climate change in the Arctic Region have been documented in scientific 
publications and reports over the past decades and summarized in the most recent IPCC 
report on the Ocean and Cryosphere in a Changing Climate (Meredith et al, 2019). The most 
visible signs of the dramatic changes are the warming of the Arctic Region at a rate of nearly 
double of the global average resulting in transformation of physical and biological processes 
across the entire region. For the Arctic Ocean the IPCC report identified the most important 
impacts to be: 

¶ The Arctic Ocean warms by a rate at around 0.5ºC per decade.  

¶ Arctic sea ice extent continues to decline in all months of the year, the strongest 
reductions in September (very likely ς12.8 ± 2.3% per decade; 1979ς2018).  

¶ Arctic sea ice has thinned, concurrent with a shift to younger ice: since 1979, the areal 
proportion of thick ice at least 5 years old has declined by approximately 90%.  

¶ Climate-induced changes in seasonal sea ice extent and thickness and ocean 
stratification are altering marine primary production, with impacts on ecosystems. 
Changes in the timing, duration and intensity of primary production have occurred 
with marked regional or local variability.  

¶ In the Arctic, changes in primary production have affected regional species 
composition, spatial distribution, and abundance of many marine species, impacting 
ecosystem structure.  

¶ Climate-induced changes in ocean and sea ice, together with human introduction of 
non-native species, have expanded the range of temperate species and contracted the 
range of polar fish and ice-associated species. Commercially and ecologically 
important fish stocks like Atlantic cod, haddock and mackerel have expanded their 
spatial distributions northwards many hundreds of kilometres, and increased their 
abundance. 

¶ Future climate-induced changes in the Arctic Ocean, sea ice, snow and permafrost will 
drive habitat and biome shifts, with associated changes in the ranges and abundance 
of ecologically important species. Projected shifts will include further habitat 
contraction and changes in abundance for polar species, including marine mammals, 
birds, and fish. Projected range expansion of subarctic marine species will increase 
pressure for high-Arctic species with regionally variable impacts. Continued loss of 
Arctic multi-year sea ice will affect ice-related and pelagic primary production, with 
impacts for whole ice-associated, seafloor and open ocean ecosystems.  

 
The substantial changes in the Arctic climate opens for new developments and associated 
increase in Arctic Blue Economy activities, including shipping routes, cruise tourism, fishery in 
new areas and on new species, mineral and oil extraction, etc. An accurate knowledge of the 
environmental fields affecting these marine operations in the Arctic Ocean is a critical 
information for all these industries for long- and short-term investment planning, risk 
assessment and operational purposes. 
 
The present study will focus on three selected business areas ς shipping along the Arctic 
Ocean, cruise industry in the Svalbard area and fishery in the Barents Sea. Their present and 
future business potential will be presented shortly. In their business development planning, 
which among other things also includes economy, efficiency, safety of ship, crew and cargo 
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and protection of the vulnerable Arctic environment, it is important to have reliable statistical 
ƛƴŦƻǊƳŀǘƛƻƴΩǎ on key physical environmental parameters such as sea ice cover, wind and 
waves conditions, temperature and salinity of the water masses. The report presents 
examples on such statistics based on available data from OSI-SAF (satellite based observations 
of sea ice) and Copernicus Marine Environmental Monitoring System ς CMEMS (numerical 
model outputs), but the provision of valid and trustworthy statistics and operational 
information of environmental parameters is entirely dependent on a fit-for-purpose sustained 
observation system (in situ and satellite-based) together with state-of-the-art meteorological 
and oceanographic reanalysis and forecast models. Is this available today?? 
 
Finally, the report presents some of the most important environmental threats to marine 
environment due to an increased maritime business activity. 
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1. Use case 1: Maritime transport via the Northeast 
Passage 

The reduction in Arctic Sea Ice due to climate change opens up for increased commercial 
activities in the Arctic Ocean of which opening of new shipping routes linking the Atlantic and 
Pacific Oceans has a great potential. 

1.1 Arctic shipping routes potential 
To illustrate the potential for Arctic shipping, a comparison of a voyage between Europe 
(Hamburg port) and Japan (Yokohama port) taking four alternative routes of which three is via 
the Arctic  Ocean (Fig.1.1) is performed: 

1. The traditional route via the Suez Canal; 
2. The Northeast Passage along the Russian Coast; 
3. The Northwest Passage; 
4. The Transpolar Sea Route 

 

 
Figure 1.1 Arctic Sea Routes (Dyrcz, 2017) 

 

The comparison is based on the assumption that the Arctic transit is performed without 
icebreaker support (i.e., under ice-free conditions). This implies that transit along the 
Northeast- and Northwest Passage in the present climate conditions only can take place part 
ƻŦ ǘƘŜ ȅŜŀǊΣ ōǳǘ ǘƘŜ άƻǇŜƴƛƴƎ ǿƛƴŘƻǿέ is expected to increase in the years ahead. The 
Transpolar Sea Route constitute, for the same reason, a future possibility. That the Arctic 
transit can be done without help of icebreaker do not imply ice free conditions, presence of 
ǎŜŀ ƛŎŜ ŀƴŘ ǊŜƭŀǘŜŘ ǇƘŜƴƻƳŜƴƻƴΩǎ ǎǳŎƘ ŀǎ ŦƻƎ ƻǊ ǊŜŘǳŎŜŘ Ǿƛǎibility must be also taken into 
account causing reduction in speed. 
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Table1.1. Distance, transit time, fuel consumption and other expenses related to a voyage for a cargo 
vessel between Hamburg and Yokohama using different routes 

Hamburg-Yokohama Via 

 
Suez Canal 

Northeast 
Passage 

Northwest 
Passage 

Transpolar 
Sea Route 

Distance 

¶ Hamburg-Novaja Semlja  

¶ Hamburg-Svalbard 

¶ Hamburg-Davis Strait 

¶ Novaja Semlja-Bering 
Strait 

¶ Svalbard-Bering Strait 

¶ Davis Strait-Bering Strait 

¶ Bering Strait-Yokohama 

  
2000 

 
 
 

2500 
 
 

2700 
 

 
 
 

2300 
 
 
 

3000 
2700 

 
 

1600 
 
 
 

2300 
 

2700 

Total Distance 11430 7200 8000 6600 

Transit time (speed 14kn outside and 

12kn inside Arctic Ocean): 
¶ Hamburg-Novaja Semlja  

¶ Hamburg-Svalbard 

¶ Hamburg-Davis Strait 

¶ Novaja Semlja-Bering 
Strait 

¶ Svalbard-Bering Strait 

¶ Davis Strait-Bering Strait 

¶ Bering Strait-Yokohama 

  
 

6,0 
 
 
 

8,7 
 
 
 

8,0 

 
 
 
 

6,8 
 
 
 
 

10,4 
8,0 

 
 
 

4,8 
 
 
 
 

8,0 
 

8,0 

Total transit time (days) 34,0 22,7 25,2 20,8 

Fuel consumption (tonnes): 

¶ Hamburg-Novaja Semlja  

¶ Hamburg-Svalbard 

¶ Hamburg-Davis Strait 

¶ Novaja Semlja-Bering 
Strait 

¶ Svalbard-Bering Strait 

¶ Davis Strait-Bering Strait 

¶ Bering Strait-Yokohama 

  
147,6 

 
 
 

134,9 
 
 
 

186,8 

 
 
 
 

167,3 
 
 
 

161,2 
186,8 

 
 

118,1 
 
 
 
 

124,0 
 

186,8 

Total fuel consumption 836,4 469,3 515,3 428,9 

Other expenses ($): 

¶ Suez Canal toll 

¶ Increased insurance for 
sailing in ice infested 
waters  

 
61.168 

 
 

10.600 
 

 
 

10.600 
 

 
 

10.600 
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In the analysis, a cargo ship with a service speed of 14 knots consuming 24,6 tons of fuel per 
day (Wergeland, 2010) is taken into consideration. In the Arctic Ocean it is expected that the 
average speed is reduced to 12 knots, this will on the other hand reduce to fuel consumption 
to 15.5 tons per day. 
 
In Table 1.1 some simple calculations have been performed to illustrate the potential for using 
three different Arctic passages instead of the traditional route via the Suez Canal. The order 
of magnitude of savings (time and expenses) are summarised in table 1.2. 
 
Table 1.2 Savings in time and expenses for a cargo vessel travelling Hamburg -Yokohama via the Arctic 
Ocean without icebreaker assistance  

 Northeast 
Passage 

Northwest 
Passage 

Transpolar 
Sea Route 

Days saved 11,3 8,8 13,2 

Fuel cost savings (fuel price: 400$ pr. 
ton)1 

 
146.840 

 
128.440 

 
162.000 

Suez Canal toll2 61.168 61.168 61.168 

Insurance -10.600 -10.600 -10.600 

Total savings ($) 197.408 179.008 212.568 
1 Fuel prices vary constantly ς the 400$ used in this example represents prices early 2020. 
2 The Suez toll represents the April 2020 price. 

 
The above simple analysis illustrates that there are potential savings in time and fuel 
consumption associated to using alternative Arctic sea routes instead of the traditional route 
via the Suez Canal.  
 
Some specific comments to the above analysis: 

¶ The Transpolar Sea Route is the most advantageous but is not realistic in a foreseeable 
future due to year-round ice cover in the central Arctic; 

¶ For ship traffic between Europe and Asia the Northeast Passage route gives best 
savings in time and expenses. The numbers given in Table 1.1 and Table 1.2 give a 
representative picture but may vary since the path through the Arctic Ocean can 
change due to the sea ice distribution ς see Fig.1.1 and Chapter 1.2. 

¶ Reduction in travel time of around 33% will: 
o Liberate maritime transport capacity leading to either increased ship-based 

transportation or reduction in ship capacity; 
o Possible reduction in freight rates; 

¶ There is an environmental impact to be considered: 
o The reduction in travel time and fuel consumption of the individual voyage will 

reduce the impact on the environment, but if the freed transport capacity is 
fully utilised, the environmental impact will be the same, 

o The environmental impact will however be moved geographically from low to 
high latitudes, 

o Restructuring part of maritime transport to the Arctic will increase the risks for 
accidents and oil spills in general due to the presence of sea ice and related 
visibility problems and to the Arctic Ocean in particular due to increased ship 
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traffic in the area. This is of particular concern due the vulnerability of the Arctic 
environment and the lack of oil spill combatting preparedness in the area. 

¶ There are also safety issues to be considered: 
o The harsh Arctic environment raise special demands to secure a safe journey 

for the ship and its crew e.g.: 
Á Construction of the ship 
Á Education of the crew 
Á Operating procedures on the ship  
Á High quality operational meteorological and oceanographic forecast 

products and services 
o Search and rescue facilities are minimal  

 
It is therefore of outmost importance to collect a variety of information before entering into 
maritime transport business via the Arctic Sea Routes. In addition to the ship technical and 
navigational issues, which are outside the scope of this report, it will also be beneficial to 
collect basic statistics on environmental meteorological and oceanographic parameters such 
as sea ice (distribution, concentration, thickness, drift velocity), wind, visibility, waves and 
currents - examples of such information will be provided in Chapter 4. 
 
During the actual voyage it is important from a voyage optimisation and security perspective 
to receive operational information on the same environmental parameters on a regular and 
real-time basis. 
 

1.2 Actual ship traffic in the Arctic 
One way of measuring the actual maritime transport and ship traffic in the Arctic is through 
the ship reporting data of the Automatic Identification System (AIS), collected by coastal 
stations and satellites. AIS is an automatic ship transponder system used onboard commercial 
vessels. ¢ƘŜ ǎȅǎǘŜƳ ǿŀǎ ŎƻƴŎŜƛǾŜŘ ǘƻ ŀǎǎƛǎǘ ǾŜǎǎŜƭǎΩ ǿŀǘŎƘ ǎǘŀƴŘƛƴƎ ƻŦŦƛŎŜǊǎ ŀƴŘ ŀƭƭƻǿ 
maritime authorities to track and monitor vessel movements for purposes such as collision 
avoidance, maritime security, aid to navigation, search and rescue, etc.  
 
AIS data, being a commercial product, is not freely available, however, some public institutions 
provide maps of shipping density based on AIS data, which are freely available. In the following 
only publicly, available information is presented.  

1.2.1 EMODnet human activity portal 
The EMODnet human activities portal (https://www.emodnet-humanactivities.eu/view-
data.php)  released in March 2019 a product with vessel density maps in EU waters. EMODnet 
mandate is to cover EU waters, so their maps only cover European Arctic.  
 
This product is based on AIS data derived from a commercial provider ς Collecte Localisation 
Satellite (CLS) and ORBCOM. Density is expressed as total number of hours spent by ships in a 
grid cell in a month. This unit of measure can immediately be converted into average number 
of ships in a grid cell in a month. At the moment of writing this report only year 2017 and 
2018were available.  Figure 1.2 shows the vessel density map for 2018. 
 

https://www.emodnet-humanactivities.eu/view-data.php
https://www.emodnet-humanactivities.eu/view-data.php
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Figure 1.2.  Average vessel density map in 2018 from EMODnet human activity portal. 

The map show shipping density in 1km*1km cells 
 

EMODnet also makes available the shipping route density, computed by the European Marine 
Safety Agency (EMSA). In this route density maps, density is expressed as number of ship 
ǊƻǳǘŜǎ ƛƴ ŀ ƎǊƛŘ ŎŜƭƭ ƛƴ ŀ ƳƻƴǘƘΦ  ¢ƘŜ ǊƻǳǘŜ ŘŜƴǎƛǘȅ ƳŀǇ ŘƛǎǇƭŀȅǎ ǘƘŜ ǘƻǘŀƭ ƴǳƳōŜǊ ƻŦ άǎƘƛǇ 
ŎǊƻǎǎƛƴƎǎέ ƛƴ ŀ ƎƛǾŜƴ ŎŜƭƭ ό{ŜŜ CƛƎΦ мΦо ŦƻǊ ȅŜŀǊ нлмфύΦ 9a{! ŎƻƳǇǳǘŜǎ ǘƘŜǎŜ ƳŀǇǎ ǘƘƻǳƎƘ ǳǎŜ 
of data received by the Member State operated land stations and purchased satellite data 
from Luxspace. Fig1.3 displays a high shipping activity between Northern Norway and 
Svalbard. 

 

Fig. 1.3. Total routes per square Km density in 2019 from EMODnet human activity portal 
and computed by EMSA. 



 
Deliverable 6.9 
  

 

Version 2.0 Date: 31 May 2021  page 12 

1.2.2 Joint Research Center - JRC 
The JRC has produced a report on Human Activities at Sea in the Arctic using Remote Sensing 
and Vessel Tracking Systems, where historical AIS data have been used to make maps of 
maritime traffic and related human activities in the Arctic Sea (Vespe et al., 2018). The 
following maps in Figures 1.4 and 1.5, obtained from this report, show the arctic-wide 
seasonal changes in human activities depending on the ice extent for two periods (maximum 
and minimum extent of Arctic Sea Ice). Shipping, exploration, icebreaking and fishing activities 
is obtained from ship type information in the AIS messages.  The raw AIS data for this study 
has been obtained from the Norwegian Defence Research Establishment (FFI), the Norwegian 
Coastal Administration and the MSSIS (US Department of Transportation and the US Navy). 
 

 
Figure 1.4 Maritime traffic in the Arctic and ice extent for the period mid-August to mid-September 

2014, period of minimum extent of Arctic sea ice (From Vespe et al. 2018) 

 
As a result of their study, JRC claims that the satellite AIS system is a very powerful tool to 
monitor shipping activities in the Arctic, but there is however, a significant amount of Arctic 
information from vessel tracking systems which is still not available and could help to increase 
the understanding of the Arctic human activity dynamics. More collaboration and information 
sharing among research community and operational authorities is needed to bring together 
all available data.  
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Figure 1.5 Maritime traffic in the Arctic and ice extent for the period mid-February to mid-March 
2014, period of maximum extent of Arctic sea ice (from Vespe et al. 2018) 

 

1.2.3 DNV-GL 
The company DNV-GL has produced an Arctic Risk map 
(https://maps.dnvgl.com/arcticriskmap/ ) showing information on Arctic Shipping activity in 
year 2012 obtained from AIS data provided by Norwegian Coastal Authority. This information 
has been processed and prepared for visualization by DNV GL. The product facilitates selecting 
the routes by month and type of ship/vessel, but the data cannot be downloaded. 
 
Figure 1.6 and 1.7  display examples of shipping routes for year 2012: September (the month 
with minimum ice extent) and February (the month with maximum ice extent). In September 
some icebreakers crossing towards the North pole and some routes in the Northeast Passage 
(northern Russia) can be seen. 
 
 

https://maps.dnvgl.com/arcticriskmap/
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Figure 1.6 Shipping activity in September 2012 (From the DNV Arctic Risk Map), the blue-white colour 

represents the Ice concentration. 

 

 
Figure 1.7 Shipping activity in February 2012 (From the DNV Arctic Risk Map), the blue-white colour 

represents the Ice concentration. 

1.2.4 PAME Arctic Ship Traffic Data 
Protection of the Marine Environment (PAME) is one of six Arctic Council Working Groups.  
PAME's has developed an Arctic Ship Traffic Data (ASTD)1 project in response to a growing 
need to collect and distribute accurate, reliable, and up-to-date information on activities in 
the Arctic. 
 
 The ASTD System collects a wide range of historical information, including ship tracks by ship 
type, information on number of ships in over 60 ports/communities across the Arctic, detailed 
measurements on emissions by ships, shipping activity in specific areas (e.g. the EEZ's, Arctic 
LME's and the Polar Code area), and fuel consumption by ships. 
 
PAME operates with four types Arctic Shipping: 

 
1 http://www.astd.is/   
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¶ Destinational transport, where a ship sails to the Arctic, performs some activity in the 
Arctic, and sails south.  

¶ Intra-Arctic transport, a voyage or marine activity that stays within the general Arctic 
region and links two or more Arctic States.  

¶ Trans-Arctic transport or navigation, voyages which are taken across the Arctic Ocean 
from Pacific to Atlantic Oceans or vice versa.  

¶ Cabotage, to conduct trade or engage in marine transport in coastal waters between 
ports within an Arctic State.  

 
The ASTD system has documented an increase of Arctic Shipping since 2013 ς In 2013 1298 
ships entered the Arctic, in 2019 the number was 1628 i.e an increase of 25% over 6 years; 
Fig. 1.8 show the distance sailed in the individual years and Fig. 1.9 shows the ship types 
entering the Arctic in 2019. 
 

 
Figure 1.8 Development in distance sailed by ships entering the Arctic Area in the years 2013-

2019 (Source: PAME, 2020)  
 

 
Figure 1.9 Ship types entering the Arctic in 2019 ς fishing vessels dominant 

(source: PAME 2020) 


