Supplement 1: Appendices

https://www.mirror.co.uk/news/technology-science/science/alarming-new-climate-change-data-7024959

By Jerry A. Hall and Dr. Dawn Alexandrea Berry
With the support of the US Army War College and the
Harrisburg University of Science and Technology
Special thanks to Dr. Rex Brynen and Tom Mouat

The opinions and assertions expressed herein are those of the authors and do not necessarily reflect the official policy or
position of the Uniformed Services University or the Department of Defense.

On Thin Ice
Supplement 1: Appendices
A – Additional Player Assignments: 3
B – Headline News Bulletin: 5
C – Arctic Council: 11
D – Arctic Indigenous Peoples: 15
E – Extended Continental Shelf Claims: 19
F – Arctic Shipping Routes: 23
G – Icebreakers of the World: 27
H – Arctic Oil and Natural Gas Deposits: 29
I – Arctic Climate Change: 33

2

Appendix A, Recommended Additional Player Assignments
Additional players beyond 7 should be assigned the following roles. The facilitator can always
change these based on the focus of the game. The below list, for example, weights the Arctic
Indigenous Peoples Actor over the Scandinavian Actors.
Player Assignments
1. Scandinavia (Norway, Sweden, Finland, Iceland)
2. Denmark
3. Greenland and Arctic Indigenous Peoples (AIP)
4. Canada
5. Russia
6. China
7. USA
8. North American AIP Player (with Greenland Player, becomes the AIP Actor)
9. Eurasian AIP Player (with Greenland and North American AIP Player, becomes the AIP
Actor)
10. Iceland (Scandinavia Player represents Norway, Sweden, Finland)
Beyond 10 players the facilitator could choose to round out the Scandinavia Actor Team, or if
using the optional Corporation rules (and depending on which method), add Chinese, Russian
and/or Western Corporate Players.
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Appendix B, Example Headline News Bulletin Presentation

The Headline presentation should include 1-2 major events (see below) and several minor
events that can be drawn from current news as above.
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Possible Headline Events
Possible Headline Events include a title, basic supporting information, and recommendations
for facilitator. They are listed in Early, Mid and Late Game order, as well as Special Events.
Events are additive; in the mid-game both Early and Mid-Game events can be used and in the
Late Game all events can be used. In a 4 Round game, Round 1 could be Early, Rounds 2-3 Mid,
and Round 4 Late Game (facilitator discretion; adjust for a longer game). The details of a
headline event are always determined by the facilitator and/or SME. For any event the
facilitator could roll 1d6 to determine the severity/impact of the event.

Early Game
-Man-Made Environmental Disaster. Location could be based on recent development or other
activity. Successful argument(s) to resolve. Facilitator may provide a bonus to most effective
player response.
-Environmental Protests. Location could be based on recent development or other activity.
Successful argument to resolve.
-Economic Upturn. Location could be a country, a sub-region or the entire Arctic based on
recent development or other activity. Could also trigger a “resource prices decrease” headline
(oil, natural gas, minerals, fish).
-Economic Downturn. Location could be a country, a sub-region or the entire Arctic based on
recent development or other activity. Could also trigger a “resource prices increase” headline
(oil, natural gas, minerals, fish).
-Resource Price Decrease. Could be a resource with new production flooding the market, else
random 1d6 (1-2: Oil, 3-4: Natural Gas, 5: Fish, 6: Rare Earths).
-Resource Price Increase. Could be a resource with no new production or increased demand,
else random 1d6 (1-2: Oil, 3-4: Natural Gas, 5: Fish, 6: Rare Earths).
-Terrorism. Location could be country with most military activity or most development, or even
a secret player vote. Successful argument to resolve.
-Natural Resource Discovery. Most likely location is one of the resource basins identified in the
2008 USGS Survey (See Appendix I). Extent, potential value and effect determined by facilitator.
Die roll could determine resource type (1-2: Oil, 3-4: Natural Gas, 5: Fishery, 6: Rare Earths).
-Favorable Media. Could be used to reward positive actions related to the environment or the
AIP. Could include a bonus token award.
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-NGO’s Support AIP. NGOs provide green energy, educational, jobs training, etc., financing to
Indigenous People. Location could be AIP group with most need based on player action (or
inaction). Could include a bonus for related player actions in the same area.
-Extended Continental Shelf (ECS) Claim Ruling (Russia). UN Commission on the Limits of the
Continental Shelf (CLCS) rules on Russia’s ECS Claim. See Appendix F for additional information
on ECS claims, possible rulings and their effects. Next ECS ruling would be on Denmark’s claim
(based on order they were submitted).
-Search and Rescue (SAR) Event. Location could be player country EEZ with most activity
(Economic, Military, Investment, Tourism, etc.). Successful argument to resolve. Facilitator may
provide a bonus to most effective player response.
-Major SAR Event. Location: High Arctic (outside of any EEZ), most likely player with last Arctic
tourism action/activity. Successful argument(s) to resolve. Facilitator may provide a bonus to
most effective player response.

Mid Game
-Scandal/Corruption Related to AIP Group. Location: Player country selected by AIP player(s)
based on gameplay. Successful argument to resolve. Facilitator may implement a -1 modifier to
all arguments by the affected player until resolved.
-Green Energy Loans/Credit. World Bank or other entity provides. Location could be country
with most existing green development, or country or AIP group with most need. Facilitator may
provide +1 bonus token for future green energy action for affected player(s).
-Sovereignty Incident. Location should involve 2 players (alternately a player and a non-player
country); could be player with most EEZ activity vs another player with bordering EEZ.
Successful argument to resolve; failed argument escalates situation.
-Sovereignty Clash. Location should involve 2 players (alternately a player and a non-player
country); could be player with most military activity in an EEZ vs another player with bordering
EEZ. Successful argument to resolve; failed argument escalates situation.
-Arctic Natural Disaster. Natural (not man-made) disaster: e.g., severe storms, flooding,
permafrost melt, permafrost fire, tsunami, earthquake, etc. Location could be country with
most development, random country, or the Arctic Region. Successful argument(s) to resolve.
Facilitator may provide a bonus to most effective player response.
-Negative Media. Could be used to punish exploitative actions related to the environment or
the AIP. Successful argument to resolve. Facilitator may implement a -1 modifier to all
arguments by the affected player until resolved.
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-Natural Resource Discovery. Most likely location is one of the resource basins identified in the
2008 USGS Survey (See Appendix I). Extent, potential value and effect determined by facilitator.
Die roll could determine resource type (1-2: Oil, 3-4: Natural Gas, 5: Fishery, 6: Rare Earths).
-Infrastructure Damage Related to Climate Change. Could be roads/railroads damaged by
permafrost melt, coastal flooding, etc. Location could be player country with most development
activity. Successful argument to resolve.
-Fishing/Economic Dispute. Could be fishery or other economic activity in a disputed area
outside of established EEZs (e.g., illegal fishing in the Central Arctic Ocean). Should involve 2
players. Successful argument to resolve, failure results in escalation.
-Severe Weather. Climate change related severe weather or regional storm strikes random
country or Arctic region. Successful argument to resolve. Facilitator may implement a -1
modifier to all arguments by the affected player until resolved.
-Cyber Attack. Cyber attack versus player with worst environmental record by environmental
group. Details, source, attribution and effect determined by Facilitator. Successful argument to
resolve.
-Climate Change Refugees. Small groups of IAP displaced by effects of climate change.
Location: Player country most affected by climate change. Successful argument to resolve.
-Resource Price Decrease. Could be a resource with new production flooding the market, else
random 1d6 (1-2: Oil, 3-4: Natural Gas, 5: Fish, 6: Rare Earths).
-Resource Price Increase. Could be a resource with no new production or increased demand,
else random 1d6 (1-2: Oil, 3-4: Natural Gas, 5: Fish, 6: Rare Earths).
-NGO’s Support AIP. NGOs provide green energy, educational, jobs training, etc., financing to
Indigenous People. Location could be AIP group with most need based on player action (or
inaction). Could include a bonus for related player actions in the same area.
-Violent Environmental Protests. Location could be based on recent development or other
activity. Successful argument(s) to resolve.

Late Game
-Severe Infrastructure Damage Related to Climate Change. Could be roads/railroads damaged
by permafrost melt, coastal flooding, etc. Location could be player country with most
development activity. Successful argument to resolve.
-Green Energy Loans/Credit. World Bank or other entity provides. Location could be country
with most existing green development, or country or AIP group with most need. Facilitator may
provide +1 bonus token for future green energy action for affected player(s).
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-Fishing/Economic Dispute. Could be fishery or other economic activity in a disputed area
outside of established EEZs (e.g., illegal fishing in the Central Arctic Ocean). Should involve 2
players. Successful argument to resolve, failure results in escalation.
-Severe Weather. Climate change related severe weather or regional storm strikes random
country or Arctic region. Successful argument to resolve. Facilitator may implement a -1
modifier to all arguments by the affected player until resolved.
-Sovereignty Clash. Location should involve 2 players (alternately a player and a non-player
country); could be player with most military activity in an EEZ vs another player with bordering
EEZ. Successful argument to resolve; failed argument escalates situation.
-Cyber Attack. Cyber attack by Anonymous hacker group versus player with worst
environmental record by environmental group. Details, source, and effect determined by
Facilitator. Successful argument to resolve.
-Arctic Natural Disaster. Natural (not man-made) disaster: e.g., severe storms, flooding,
permafrost melt, permafrost fire, tsunami, earthquake, etc. Location could be country with
most development, random country, or the Arctic Region. Successful argument(s) to resolve.
Facilitator may provide a bonus to most effective player response.
-Natural Resource Discovery. Most likely location is one of the resource basins identified in the
2008 USGS Survey (See Appendix I). Extent, potential value and effect determined by facilitator.
Die roll could determine resource type (1-2: Oil, 3-4: Natural Gas, 5: Fishery, 6: Rare Earths).
-Piracy. Pirate activity vs. Player with most economic activity along one of the major
commercial routes (Northern Sea Route/North East Passage, Northwest Passage or Transpolar
Route). Successful argument to resolve.
-Indigenous Peoples Unrest. Location: Player country (or sub-region/regional) determined by
AIP based on gameplay. Successful argument(s) to resolve. -1 to all affected player country(ies)
arguments until resolved.
-Compounding Crises. Select two events and implement them.
-Environmental Protest Sabotage. Violent protests including sabotage of development.
Location could be based on recent development or other activity. Successful argument(s) to
resolve.
-Climate Related Migration. Mass migration of IAP displaced by effects of climate change.
Location: Player country (or sub-region/regional) most affected by climate change. Successful
arguments to resolve.
-Deadly Virus Unleashed. Melting permafrost unleashes deadly virus. Location: Player Country
with worst environmental record.
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-Resource Price Crash. Severe price decrease. Could be a resource with new production
flooding the market, else random 1d6 (1-2: Oil, 3-4: Natural Gas, 5: Fish, 6: Rare Earths).
-Resource Price Spike. Severe price increase. Could be a resource with no new production or
increased demand, else random 1d6 (1-2: Oil, 3-4: Natural Gas, 5: Fish, 6: Rare Earths).
-NGO’s Support AIP. NGOs provide green energy, educational, jobs training, etc., financing to
Indigenous People. Location could be AIP group with most need based on player action (or
inaction). Could include a bonus for related player actions in the same area.

Special Events
-Extended Continental Shelf (ECS) Claim Ruling (Denmark). UN Commission on the Limits of
the Continental Shelf (CLCS) rules on Denmark’s ECS Claim. See Appendix F for additional
information on ECS claims, possible rulings and their effects. Next ECS ruling would be on
Canada’s claim (based on order they were submitted).
-Extended Continental Shelf (ECS) Claim Ruling (Canada). UN Commission on the Limits of the
Continental Shelf (CLCS) rules on Canada’s ECS Claim. See Appendix F for additional information
on ECS claims, possible rulings and their effects.
-Man-Made Environmental Disaster. Location could be based on recent development or other
activity. Successful argument(s) to resolve. Facilitator may provide a bonus to most effective
player response.
Add one when Climate Change Cards 3, 6 and 9 are played.
-Increased Northern Sea Route (NSR) Trade. Implement when NSR is ice free during winter
(default scenario starts with NSR already ice free during summer). Facilitator could provide
economic bonus tokens to Russia, Scandinavia, and China; and/or provide a +1 bonus to
economic actions related to the NSR.
-Increased Northwest Passage (NWP) Trade. Implement when NSR is ice free during summer,
then again in winter. Facilitator could provide economic bonus tokens to USA, Canada, and
Greenland; and/or provide a +1 bonus to economic actions related to the NWP.
-Transpolar Route (TPR) Trade Established. Implement when TPR is ice free during summer,
then again in winter. Facilitator could provide economic bonus tokens to China, USA, Russia,
and Greenland, Iceland; and/or provide a +1 bonus to economic actions related to the TPR.
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Appendix C, The Arctic Council

The Arctic Council: A backgrounder
What is the Arctic Council?
The Arctic Council is the leading intergovernmental forum promoting cooperation, coordination
and interaction among the Arctic states, Arctic Indigenous communities and other Arctic
inhabitants on common Arctic issues, in particular on issues of sustainable development and
environmental protection in the Arctic.
Who takes part?
The Ottawa Declaration lists the following countries as Members of the Arctic Council: Canada,
the Kingdom of Denmark, Finland, Iceland, Norway, the Russian Federation, Sweden and the
United States.
In addition, six organizations representing Arctic Indigenous peoples have status as Permanent
Participants. The category of Permanent Participant was created to provide for active
participation and full consultation with the Arctic Indigenous peoples within the Council. They
include: the Aleut International Association, the Arctic Athabaskan Council, Gwich’in Council
International, the Inuit Circumpolar Council, the Russian Association of Indigenous Peoples of
the North and the Saami Council.
Observer status in the Arctic Council is open to non-Arctic states, along with intergovernmental, inter-parliamentary, global, regional and non-governmental organizations that
the Council determines can contribute to its work. Arctic Council Observers primarily contribute
through their engagement in the Council at the level of Working Groups.
The standing Arctic Council Secretariat formally became operational in 2013 in Tromsø,
Norway. It was established to provide administrative capacity, institutional memory, enhanced
communication and outreach, and general support to the activities of the Arctic Council.
What does it do?
The work of the Council is primarily carried out in six Working Groups.
1. The Arctic Contaminants Action Program (ACAP) acts as a strengthening and supporting
mechanism to encourage national actions to reduce emissions and other releases of pollutants.
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2. The Arctic Monitoring and Assessment Programme (AMAP) monitors the Arctic environment,
ecosystems and human populations, and provides scientific advice to support governments as
they tackle pollution and adverse effects of climate change.
3. The Conservation of Arctic Flora and Fauna Working Group (CAFF) addresses the
conservation of Arctic biodiversity, working to ensure the sustainability of the Arctic’s living
resources.
4. The Emergency Prevention, Preparedness and Response Working Group (EPPR) works to
protect the Arctic environment from the threat or impact of an accidental release of pollutants
or radionuclides.
5. The Protection of the Arctic Marine Environment (PAME) Working Group is the focal point of
the Arctic Council’s activities related to the protection and sustainable use of the Arctic marine
environment.
6. The Sustainable Development Working Group (SDWG) works to advance sustainable
development in the Arctic and to improve the conditions of Arctic communities as a whole.
The Council may also establish Task Forces or Expert Groups to carry out specific work. The Task
Forces operating during the Chairmanship of Finland (2017-2019) are:
1. Task Force on Arctic Marine Cooperation (TFAMC)
2. Task Force on Improved Connectivity in the Arctic (TFICA)
During the 2017-2019 Finnish Chairmanship there is also one Expert Group operating:
1. Expert Group in support of implementation of the Framework for Action on Black Carbon and
Methane (EGBCM)
What are some of its accomplishments?
The Arctic Council regularly produces comprehensive, cutting-edge environmental, ecological
and social assessments through its Working Groups. The Council has also provided a forum for
the negotiation of three important legally binding agreements among the eight Arctic States.
The first, the Agreement on Cooperation on Aeronautical and Maritime Search and Rescue in
the Arctic, was signed in Nuuk, Greenland, at the 2011 Ministerial Meeting. The second, the
Agreement on Cooperation on Marine Oil Pollution Preparedness and Response in the Arctic,
was signed in Kiruna, Sweden, at the 2013 Ministerial meeting. The third, the Agreement on
Enhancing International Arctic Scientific Cooperation, was signed in Fairbanks, Alaska at the
2017 Ministerial meeting.
How does it work?
Arctic Council assessments and recommendations are the result of analysis and efforts
undertaken by the Working Groups. Decisions of the Arctic Council are taken by consensus
among the eight Arctic Council states, with full consultation and involvement of the Permanent
Participants.
The Chairmanship of the Arctic Council rotates every two years among the Arctic States. The
first country to chair the Arctic Council was Canada (1996-1998), followed by the United States,

12

Finland, Iceland, Russia, Norway, the Kingdom of Denmark, and Sweden. The second cycle of
Chairmanships began in 2013. On 11 May 2017, the second United States Chairmanship
concluded, and the second Chairmanship of Finland (2017-2019) began. The next country to
assume the Chairmanship will be Iceland (2019-2021).
What doesn’t it do?
The Arctic Council is a forum; it has no programming budget. All projects or initiatives are
sponsored by one or more Arctic States. Some projects also receive support from other entities.
The Arctic Council does not and cannot implement or enforce its guidelines, assessments or
recommendations. That responsibility belongs to each individual Arctic State.
The Arctic Council’s mandate, as articulated in the Ottawa Declaration, explicitly excludes
military security.

https://www.arctic-council.org/index.php/en/about-us
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Appendix D, Arctic Indigenous Peoples
The Arctic: the Role of Indigenous Peoples
by Eleonora Milazzo – ACCEL European Fellow
https://accelfellowship.wordpress.com/the-arctic-the-role-of-indigenous-peoples/
Who are the indigenous peoples of the Arctic?
The Arctic is home to an estimated 4 million people, of which around 10% is thought to be
indigenous. Indigenous peoples include the Saami people of Finland, Sweden, Norway and
Northwest Russia; Nenets, Khanty, Evenk and Chukchi in Russia; Aleut, Yupik and Iñupiat in
Alaska; Inuvialuit in Canada and Kalaallit in Greenland.
These peoples belong to over 40 ethnic groups. Generalizations regarding their identity are not
possible, since they represent many separate indigenous peoples with separate customs and
values. In fact, they are referred to as “peoples” in the United Nations Declaration of the Rights
of Indigenous Peoples, emphasizing the diversity of indigenous cultures and traditions.
Apart from their cultural differences, these peoples share the Arctic as their ancestral home.
Their unique experience and knowledge of the Arctic are the foundation of their life in the
circumpolar world, living in harmony with surrounding ecosystems and Arctic wildlife. As a
result, shaping the future of their region is of the utmost importance to them.
Indigenous traditions and lifestyle
Indigenous peoples of the Arctic have adapted over centuries to a life on ice. Their lifestyle,
traditions, economy, and history are tightly linked to one of the harshest environments in the
world.
Native peoples of the Arctic traditionally lived off the land, fishing, hunting, herding, and
gathering wild plants. To survive severe weather and snow, they developed and transmitted
traditional knowledge of their home from generation to generation. They learned how to make
warm clothes and travel, and to hunt on ice. Traditionally, Arctic peoples used to live in small,
scattered communities but they lifestyle has been changing profoundly in recent years, with
most communities moving to modern and bigger settlements.
Indigenous peoples have a physical, emotional and spiritual connection with the Arctic
ecosystems. For example, it has been shown that Inuit women identified with pollution of the
land and perceived it as linked to mental health and wellness of the community. Another
distinguishing feature of the indigenous livelihood is the importance of family and community
ties. In Inuit culture, for example, the word Inuuqatigiittiarniq refers to respecting others,
building positive relationships, and caring for others. This is believed to build strength in the
community and each member. Indigenous communities also have a strong tradition of oral
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culture. Storytelling plays a crucial role in identity building and sharing of experiences.
Unikkaaqatigiinniq is the Inuit word to describe the stories in Inuit culture.
Representation and recognition
Representation at the international level is a way that Arctic communities emphasize their goals
and seek to have a say in global issues. Numerous indigenous organizations have been awarded
the status of Permanent Participants (PPs) within the Arctic Council. As such, they are entitled
to participate in all activities of the main high-level forum of the region, including its Working
Groups. Within this framework, the Indigenous Peoples Secretariat works to facilitate
cooperation between the PPs and the Arctic States.
At present, six Indigenous Peoples Organizations have been appointed PPs:
Inuit Circumpolar Council (ICC) – representing 150,000 Inuit living in Alaska, Canada,
Greenland, Chukotka, and Russia. http://www.inuitcircumpolar.com/
Saami Council (SC) – representing and fostering cooperation between Saami people of Norway,
Sweden, Finland, and Russia. www.saamicouncil.net/en/
Russian Association of Indigenous Peoples of the North (RAIPON) – representing the over
200,000 indigenous peoples living in the Russian Arctic. www.raipon.info/en/
Aleut International Association (AIA) – AIA represents indigenous people of the Aleutian
Islands. These peoples live on both sides of the Bering Sea, in Alaska and Kamchatka (Eastern
Russia). http://aleut-international.org/
Arctic Athabaskan Council (AAC) – AAC representing the Athabaskan indigenous people of
North America. http://www.arcticathabaskancouncil.com/aac/
Gwich’in Council International (GGI) – GGI representing indigenous peoples living on both sides
of the border between Canada and Alaska. https://gwichincouncil.com/
International law safeguarding the rights of indigenous peoples is developing and being further
consolidated. The most important step forward in this sense was the adoption of the UN
Declaration on the Rights of Indigenous Peoples in 2007. In addition, an international effort has
been undertaken by Nordic countries and Saami people to draft a Nordic Saami Convention. So
far, these international efforts have not impacted significantly on domestic legislation of Nordic
countries, with some exception for Norway and Denmark. Even the special status of PPs within
the Arctic Council has not helped indigenous peoples to have international law defending their
rights incorporated and implemented at the national level.
Taking a closer look at the national level, for example, Saami peoples are represented by three
Saami parliaments in Sweden, Norway, and Finland. Norway recognized the status of the Saami
people with a constitutional amendment, while Finland considers the Saami people a linguistic
minority rather than a people, despite the size of its population. Russia officially recognizes only
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55,000 indigenous persons on its territories, despite the fact that around 250,000 indigenous
persons live in Russia at present. Overall, in Russia indigenous peoples still have limited
decision-making powers. In Canada’s Northwest Territories, half of the population is
indigenous. Land claims and self-government negotiation have led to a recognition of
indigenous rights and the emergence of the territory of Nunavut, based on an Inuit land claim.
Challenges to indigenous livelihood
No matter how different their languages and traditions may be, circumpolar peoples have been
facing similar challenges, and they all share the same goals concerning the future of the High
North.
Climate change impacts negatively upon indigenous life and traditional economies. Melting ice
hampers access to food, harvesting, hunting, herding, and affects communications. Arctic
peoples have a strong tie to nature and these changes are likely to turn their livelihoods upside
down. Just to mention a few effects of globalization and climate change, there is already an
increase in water, food and vector borne diseases among Arctic indigenous communities.
Dietary transitions away from traditional foods are causing obesity, diabetes and cardiovascular
diseases.
Economic development and increased commercial activities are both opportunities and threats
to indigenous peoples. The Arctic has attracted growing worldwide attention as a consequence
of climate change and new prospects of development. This is increasing global awareness about
this remote region of the world, diminishing the perception of a wild and unknown land. The
Arctic population is growing as a result of international migration of people seeking jobs in
resource extraction sector. The challenge for local communities is preserving their identities
and being the protagonist of the social change they are witnessing within their communities.
Opening up of new navigable routes in the circumpolar north would bring new opportunities to
local and indigenous communities. Development of new industries would nonetheless
necessitate the recognition of indigenous peoples’ rights to land and sea and their right to free,
prior and informed consent in matters that affect their life directly.
Development of the Arctic from the indigenous perspective
Dr. Bernard Funston (Northern Canadian Consulting) underlined in his interview with ACCEL
that:
“(…) we often talk about sustainable development in the Arctic and we seem to fail to
understand that until very recently indigenous peoples were living sustainably. We don’t have
to teach them but learn from them.”
What we need to understand as we approach the topic of Arctic sustainable development is
that incorporating local and indigenous knowledge is paramount for the future of the Arctic.

17

Development and innovation in the Arctic region shall be based on innovation as well as
continuity with the indigenous past and the traditions of local communities. Development and
foreign capital coming to the region are opportunities for these peoples. Yet, at the same time,
their ties to the land must not be seen as obstacles to modernization, but as resources. There is
much we can learn from how Arctic communities have lived for centuries, as well as their
expertise and knowledge.
Therefore, the economic dimension of sustainable development cannot be separated from the
human dimension. To that end, the Arctic is not an inhabited land to colonize and develop from
scratch. Our efforts should be focused on moving away from colonialist perspectives on the
region towards a truly Northern perspective, pursuing a new and collaborative way of
development.
In Inuit language “Piliriqatigiinniq” means “working together in a collaborative way for the
common good”. This concept should be taken as a guiding principle for the future of the region.
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Appendix E, Extended Continental Shelf Claims
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https://www.thearcticinstitute.org/continental-shelf-claims-arctic-infographic/
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Appendix F, Arctic Shipping Routes

Arctic sea ice is melting rapidly, and within the next decade the effects of global warming may transform
the Polar region from an inaccessible frozen desert into a seasonally navigable ocean. The summer of
2011 saw a record 33 ships, carrying 850,000 tons of cargo navigate the Northern Sea Route (NSR) off
Russia’s northern coast. This year’s shipping season may see up to 1.5 million tons of cargo, as
Germany’s Alfred Wegener Institute predicts the NSR to be ice-free and passable for ships by early
summer.
The North West Passage (NWP), first ice-free in 2007, and the Transpolar Sea Route (TSR) may also open
up to shipping traffic over the coming decades. An in-depth assessment of the viability of shipping along
the TSR will be published in the upcoming Arctic Yearbook 2012, which will be available from the
Northern Research Forum’s website from October 2012. The development of Arctic offshore
hydrocarbon resources and related economic activities will also improve the integration of the Arctic
economy in global trade patterns. Multi-year ice and the limited seasonal window for trans-Arctic
voyages however, will for the foreseeable future remain formidable obstacles to the development of
Arctic shipping and its economic viability. Trans-Arctic shipping routes will thus not serve as a substitute
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for existing shipping lanes, but will instead provide new and additional capacity for a growing
transportation volume.
A navigable Arctic Ocean?
Summer ice extent has declined by 40 percent since satellite observation began in 1979, and over the
same period sea ice has thinned considerably, experiencing a decline in volume of 70 percent. Studies
differ widely in their predictions of when summer sea ice will melt completely. The latest findings
suggest that Arctic sea ice may have entered into a new state of low ice cover. A recent article by Valerie
N. Livina and Timothy M. Lenton on the bifurcation of Arctic sea-ice cover describes it as “distinct from
the normal state of seasonal sea ice variation.” Arctic sea-ice may have crossed a tipping point which
could soon make ice-free summers an annual feature across most of the Arctic Ocean.
Longer ice-free periods
A new study by the National Aeronautics and Space Administration (NASA) suggests that multi-year ice,
which is the oldest and thickest Arctic sea ice and the principal obstacle to shipping in the Arctic Ocean,
is disappearing at a faster rate than the younger and thinner ice. The ice-free period along the Arctic’s
main shipping routes is expected to increase from around 30 days in 2010 to more than 120 days by the
middle of the century. Furthermore, the distribution of the remaining summer ice will not be uniform
across the Arctic Ocean. Studies suggest that sea ice will collect and persist longest along the northern
flanks of the Canadian Archipelago and Greenland while the central and eastern part of the Arctic will
see the most significant decline of ice, further extending the shipping season along the NSR. In 2011 the
navigational season along the NSR lasted for 141 days, from early July until mid-November.
Significant obstacles remain
Nonetheless, significant obstacles to shipping remain such as icing from sea spray, wind chill,
remoteness as well as their implications for rescue and emergency operations, and the lack of reliable
weather forecasts. During the winter and spring months ice conditions along Arctic shipping routes will
remain heavy, and the amount of floating sea ice and number of icebergs – a hazard to the safety of
marine transport, may increase during the early melt season as more ice floes break apart and drift
across the Arctic Ocean.
Shorter sailing distances
Routing shipping traffic through the Arctic allows for shorter sailing distances resulting in shorter trips.
Shipping operators can achieve cost savings through a reduction of number of days at sea, energy
efficiency improvements due to slower sailing speeds, or a combination of both.
Distance savings along Arctic shipping routes can be as high as 40 percent compared to the traditional
shipping lanes via the Suez Canal. Shorter sailing distances allow for considerable fuel cost savings. The
reduced number of days at sea allows a ship to make more return trips resulting in increased revenue
and potentially greater profits.
Instead of realizing time savings, operators can also adopt super-slow sailing. A vessel traveling from
Murmansk to Tokyo can reduce its speed by 40 percent and still arrive in Japan at the same time as a
ship sailing at full speed traveling through the Suez Canal. Super-slow sailing can also double a vessel’s
energy efficiency performance, resulting in a significant reduction of greenhouse-gas emissions. If a
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future emissions control framework was to include global maritime traffic, this reduction of emissions
could thus also result in significant cost savings.
Economic feasibility of Arctic shipping
Global shipping operations are dependent on three key factors: predictability, punctuality, and
economy-of-scale, all of which are currently limited in Arctic shipping. Consequently, the lack of
schedule reliability and highly variable transit times along the Arctic shipping routes represent major
obstacles to the development of Arctic shipping.
The majority of cargo ships that travel the world’s oceans operate on regular schedules, known as liner
service. In total more than 6,000 ships, most of them container ships, follow a set route calling at a
number of ports to load and unload cargo, which consequently supplies the concerned country’s
hinterland. Profitability can only be achieved with large- scale shipping based on stable and predictable
(year-round) operations.The ability to schedule journeys a long time in advance and to guarantee
uninterrupted service is considered key for container ship operators. Bulk dry and wet carriers, on the
other hand, follow less predictable schedules and their routes depend more on changing supply and
demand of less time- sensitive items. Of the four kinds of Arctic voyages undertaken in the Arctic Ocean
– destination transport, intra-Arctic transport, trans-Arctic transport and cabotage – trans-Arctic
shipping may face the most significant hurdle to becoming part of the global trade patterns.
Draft and beam restrictions
Arctic shipping routes, especially the NSR, are subject to significant draft and beam restrictions. Ships
along the NSR must pass through a number of narrow and shallow straits in the Kara and Laptev Sea.
The Yugorskiy Shar Strait at the southernmost entrance from the Barents to the Kara Sea follows a
channel 21 nautical miles long and 12-30 meters deep. Along the eastern section of the NSR, ships must
navigate either the Dmitry Laptev Strait or the Sannikov Strait to pass through the New Siberian Islands
and travel from the Laptev to the East Siberian Seas.The eastern approach of the Laptev Strait has a
depth of less than 10 meters, restricting the draft of ships to less than 6.7 meters. In addition, Russia’s
government only permits ships with the highest ice classification – 1A Finnish Swedish, to sail the route.
Currently, only three vessels out of more than 2,000 Panamax ships have that classification.
Arctic shipping infrastructure
A key characteristic of Arctic shipping routes is the limited number of ports of call. According to the
Arctic Logistics Information Office, 16 ports, most of them ice-covered for part of the year, are located
along the NSR. The port of Murmansk and the port of Petropavlovsk on Russia’s far-east Kamchatka
peninsula are considered essential for the development of the NSR. Both ports are expected to serve as
terminals and hubs of the NSR. In November 2011 Vladimir Putin announced a major overhaul of the
entire Russian transport system with special attention to maritime traffic in the Arctic. Russia plans to
build up to 10 emergency centers focused on meteorological and rescue services as well as border
patrol along the NSR.The capacity of Russia’s seaports is scheduled to increase 50 percent by 2015 and
the country plans to invest 134 rubles (€3.4 billion) into developing maritime traffic over the next 10
years.
The port of Kirkenes, Norway and the port of Vopnafjörður, Iceland may serve as major future Arctic
hubs. Iceland’s strategic location at the entrance and exit to the Arctic Ocean and Vopnafjörður’s
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suitability as a deep-water port with depth up to 70m, may allow development into a transshipment
hub. Future development and investment will however, depend significantly on the country’s financial
and economic situation and foreign investments. Over the past decade China has continuously increased
its economic cooperation with the small island nation and China’s premier Wen Jiabao recently visited
Iceland to further strengthen the economic ties between the two countries. A Chinese delegation also
visited the Faroe Islands, a small group of islands under the sovereignty of the Kingdom of Denmark,
where domestic policy makers have also identified the island’s role in future Arctic shipping as a priority.
Conclusion
Over the past decades the Arctic has witnessed a much faster than anticipated decline of sea ice and the
continuation of this trend will transform the Arctic Ocean into a navigable seaway over the coming
decades. Yet due to the region’s unique navigational and economic challenges Arctic shipping will, for
the foreseeable future, only be cost effective for a limited number of operators.

https://www.thearcticinstitute.org/future-arctic-shipping/
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MAJOR ICEBREAKERS OF THE WORLD
N

N

N

N

N

N

N

N

Sovetskiy Soyuz
(1990 refit 2014)

Rossiya
(1985 refit 2007)

Yamal
(1993)

Vaygach
(1990 refit 2016)

Taymyr
(1989)

Arktika
(2019)

Sibir
(2020)

Ural
(2021)

N

Appendix G

50 Let Pobedy
(2007)

N

Project 10570
(TBD)

Leader-Class Icebreaker
(Estimated 2024)
B

RUSSIA
(46)

B

N

+ 11 under construction
+ 4 pl anned

Varandei
(2008)

CANADA
(7)

+ 2 under construction
+ 5 planned

Vladimir Ignat yuk
(1983)

Ivan Papanin
(1990)

John G. Diefenbaker
(2022)

Max Bernays
(2020)

Kapit an Khlebnikov
(1981)

Aker Arc 130A
(2017)

Vasiliy Golovnin
(1987)

Louis St.Laurent
(1969 refit 1993)

William Hall
(2020)

Vladislav Strizhov
(2006)

Moskva
(2007)

Viktor Chernomyrdin Aleksand r Sannikov
(2017)
(2017)

SCF Sakh al i n
(2005)

Novorossisk
(2016)

Frederick Rolet t e
(2021)

Ivan Papanin
(2019)

Vengeri
(1983)

Terry Fox
(1983)

SWEDEN
(7) + 3 pl anned

Nordica
(1994)

Oden
(1989)

USA
(5)

Krasin
(1976)

Polar Sea
(1978 refit 2006)

+ 3 planned

DENMARK
(4)

CHINA
NORWAY

B

Frej
(1975)

Dikson
(1983)

Amundsen
(1979 refit 2013)

Vi t us Bering Akademik Tryoshnikov
(2012)
(2011)

Alexey Chirikov
(2013)

B

Loke Viking
(2011)

Haibing 722
(2016)

Haibing 723
(2016)

Henry Larsen
(1988)

Yermak
(1974)

Sir Wilfrid Laurier
(1986)

DesGroseilliers
(1983)

Kapit an Sorokin
(1977 refit 1990)

Stepan Makarov
(2017)

Pomor
(2016)

Ki g ori ak
(1979)

Magadan
(1982)

Kapit an Dranit syn
(1980 refit 1999)

Fedor Ushakov
(2017)

Aleut
(2016)

Project Tundra
(TBD)

Mudyug
(1982)

Pacific Endurance
(2006)

Norman
(2016)

Dudinka
(1969)

Balt ika
(2015)

Tor
(1964)

Toboi
(2008)

Ob
(2018)

Harry Dewolf
(2018)

Pierre Radisson
(1978)

Mikhail Lazarev
(2017)

Margaret Brooke
(2019)

Robert Hampt on Grey
(2022)

Kontio
(1987)

B

At le
(1974)

USCG Pol ar Iceb reaker
(2023)

B

Magne Viking
(2011)

Xue Long
(1993)

(3) + 1 under const ruct ion

B

Ymer
(1977)

Polar St ar
(1976 refit 2013)

B

Brage Viking
(2012)

Fennica
(1993)

Admiral Makarov
(1975)

Nikolay Zubov
(2020)

B

(10)

N

Sevmorput
(1988 refit 2015)

Vladivost ok
(2015)

Paci fi c Ent erp ri se Paci fi c End eavor
(2006)
(2006)

Yuri Topchev
(2006)

Kapit an Nikolayev
(1978)

FINLAND
Polaris
(2016)

Murmansk
(2015)

B

St. Petersburg
(2008)

Akademik Fedorov
(1987)

Gennadiy Nevelskoy
(2017)

B

B

B

B

B

B

Otso
(1986)

Sisu
(1976)

Urho
(1975)

B

B

Baltic Icebreaker
(2021)

Baltic Icebreaker
(2025)

USCG Pol ar Icebreaker
(2025)

Hermes
(1983)

Arctic Icebreaker
(2030)

USCG Pol ar Icebreaker
(2026)

Voima
(1954 refit 1979)

Thetis
(1983)

Tor Viking II
(2011)

Healy
(2000)

Balder Viking
(2011)

Vidar Viking
(2001)

Nathaniel B. Palmer
(1992)

Aiviq
(2012)

B

Njord Viking
(2011)

Pol ar Support Vessel
( 2019)

KEY
Svalbard
(2002)

(1) + 1 under const ruct ion

ESTONIA

B

Bot nica
(1998)

(2)

Kronprins Haakon
(2017)

B

Tarmo
(1963)

Vessels were selected and organized based on their installed power measured in Brake Horse Power (BHP).
Vessels with less than 10,000 BHP were not considered to be capable of independent Arctic operation. Vessels
are ordered by age, youngest first, within power groupings. Vessel outlines reflect relative sizes.

COLOR GUIDE

NOTES

> 45,000 BHP
Government owned
or o perate d

AUSTRALIA
Aurora Australis
(1990)

(1) + 1 planned

Polar Support Vessel
(2020)

Unavailable

> 20,000 BHP
< 45,000 BHP

N Nuclear Power
NB

> 10,000 BHP
< 20,000 BHP

GERMANY

Polarstern
(1982 refit 2001)

(1) + 1 planned

Name
(year launched or refit )

Aurora Boreali s
(Estimat ed 2020)

B Designed for
Baltic use
Been to the
Nort h Pole

Under Construction

CHILE
(1)

Almirante Oscar Viel
(1967)

+ 1 planned

Polar Support Vessel
(2021)

Planned
Data derived from multiple sources of information
Updated 1 May 2017

JAPAN

Shirase
(2009)

(1)

SOUTH KOREA

Araon
(2009)

(1)

SOUTH AFRICA

(1)

LATVIA

AgulhasII
(2012)
B

Varma
(1968)

(1)

ARGENTINA

Almirant e Irizar
(1978 refit 2017)

(1)

UNITED KINGDOM
+ 1 under const ruct ion

Sir David Attenborough
(2019)

The most current version of this chart is located at:
ht t p :/ / w w w .uscg.mil / hq / cg 5/ cg552/ ice.asp

Direct Questions and Comments to:
CDR William Woityra - (202) 372-1540
email: william.c.woityra@uscg.mil

Major Icebreakers of the World
Explanatory Piece
The Coast Guard Office of Waterways and Ocean Policy (CG-WWM) began producing the chart of major icebreakers of the world in July 2010. Since then, we have
gathered icebreaker information and recommendations from a variety of sources and experts, including icebreaker subject-matter experts, internet posts, news
updates, Arctic experts and Coast Guard offices with icebreaker equities. We validate our information within the public forum and update the chart at least annually
based on new information and feedback. This chart represents the Coast Guard’s current factual understanding of the major icebreaker fleet. This chart is not intended
for icebreaker fleet comparisons and no inference should be drawn regarding a country’s icebreaker “ranking” against another.
Scope: Vessels meeting the general definition of a polar icebreaker per the 2007 National Research Council report on Polar Icebreakers in a Changing World are
included. These vessels “have sailed in significant sea ice in either the Arctic or the Antarctic,” have “ice strengthening sufficient for polar ice” and possess “installed
power of at least 10,000 horsepower.” Minimally ice-strengthened ships (enough to survive in ice, rather than operate in it) and icebreakers of less than 10,000
horsepower are not included. With the exception of the Baltic icebreakers, this chart does not indicate where their owners may actually operate them. In addition, the
chart does not specify whether a vessel’s crew is civilian or military.
Classification Methodology: The chart organizes the icebreakers first by country, then by installed power category, and finally in order of placement in service,
youngest to oldest. The chart colors icebreakers by their relative capability estimated using brake horsepower as the most common basis. The most capable
icebreakers are black, the next level sea-green and the lightest icebreakers are blue. Icebreakers in construction are colored yellow, and planned icebreakers are
white. Planned icebreakers are placed on the chart if we can reliably state they are funded. The chart identifies government-owned or -operated icebreakers with the
country’s flag next to the icebreaker. Nuclear-powered icebreakers are marked with an N. Baltic icebreakers designed to operate solely in seasonal, first-year Baltic
Sea ice but meeting the ice-strengthening and horsepower criteria are marked on the chart with a B. Most Baltic icebreakers may not have operated in the Arctic due
to concerns with open-ocean sea-keeping ability for open water transits.
Fleet numbers and Icebreaker Size in Context: The fleet numbers and icebreaker size tend to align along each county’s economic necessity for icebreaker
resources. For example, the economies of Finland, Russia and Sweden have greater dependence on major icebreakers to pursue economic goals in the Arctic and
Baltic winters than the economies of other nations. Also, ice in these countries’ shipping lanes, rivers and ports forms earlier, lasts longer, and requires more power to
break, requiring more extensive icebreaking capabilities. Similarly, the Canadian icebreaker fleet supports summer access and supply to Canada’s Arctic communities.
In contrast, in addition to the polar icebreakers already listed, the U.S has a number of icebreakers operating in the Great Lakes, New England and the mid-Atlantic to
facilitate commerce and for exigent circumstances, but these are not listed in this chart because the icebreakers are not required to meet the threshold of at least
10,000 BHP.
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Appendix H, Oil and Natural Gas Resources of the Arctic
Article by: Hobart M. King, Ph.D., RPG
An Enormous Undiscovered Resource
The area above the Arctic Circle is underlain by sedimentary basins and continental shelves that
hold enormous oil and natural gas resources. Most of this area is poorly explored for oil and
natural gas; however, the United States Geological Survey estimates that the Arctic contains
approximately 13 percent of the world's undiscovered conventional oil resources and about 30
percent of its undiscovered conventional natural gas resources.
This makes the Arctic an incredibly rich area. It is about the same geographic size as the African
continent - about 6% of Earth's surface area - yet it holds an estimated 22 percent of Earth's oil
and natural gas resource.
Most of the exploration in the Arctic to-date has taken place on land. This work has resulted in
the Prudhoe Bay Oil Field in Alaska, the Tazovskoye Field in Russia and hundreds of smaller
fields, many of which are on Alaska's North Slope. Land accounts for about 1/3 of the Arctic's
area and is thought to hold about 16% of the Arctic's remaining undiscovered oil and gas
resource.
About 1/3 of the Arctic area is continental shelves which have been very lightly explored. The
Arctic continental shelves are the largest geographic area on Earth with enormous probable
resources that remains virtually unexplored. The remaining 1/3 of the Arctic is deep ocean
waters over 500 meters deep, and this area is unexplored.
Arctic Oil and Natural Gas Resource Basins
The United States Geological Survey has estimated the undiscovered technically recoverable
conventional oil, natural gas, and natural gas liquids resources north of the Arctic Circle to be
approximately 412 billion barrels oil equivalent. Their estimates place over 87% of the resource
(360 billion barrels oil equivalent) into seven Arctic basin provinces: Amerasian Basin, Arctic
Alaska Basin, East Barents Basin, East Greenland Rift Basin, West Greenland-East Canada Basin,
West Siberian Basin, and the Yenisey-Khatanga Basin.
These seven Arctic basin provinces are shown on the map at the top of this page, and their
resource distributions are presented in Table 1. It is clear from this data that most of the Arctic
area resource is natural gas and that the Asian side of the Arctic area has the highest proportion
of natural gas and natural gas liquids.
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Arctic Oil and Natural Gas Provinces Map: The United States Geological Survey estimates that over 87% of the
Arctic's oil and natural gas resource (about 360 billion barrels oil equivalent) is located in seven Arctic basin
provinces: Amerasian Basin, Arctic Alaska Basin, East Barents Basin, East Greenland Rift Basin, West GreenlandEast Canada Basin, West Siberian Basin, and the Yenisey-Khatanga Basin. Map by Geology.com and MapResources.

Jurisdiction of the Arctic
Portions of eight countries are situated above the Arctic Circle: Canada, Denmark (via
Greenland), Finland, Iceland, Norway, Russia, Sweden, and the United States. Six of them
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border the Arctic Ocean and thus have a jurisdictional claim to portions of the Arctic seafloor:
Canada, Denmark (via Greenland), Iceland, Norway, Russia, and the United States.
Their claims to oil and gas beneath the Arctic Ocean seafloor have historically been determined
by unilateral decrees; however, the Law of the Sea Convention provides each country an
exclusive economic zone extending 200 miles out from its shoreline. Under certain conditions
the exclusive economic zone can be extended out to 350 miles, if a nation can demonstrate
that its continental margin extends more than 200 miles beyond its shore. Russia, Canada, and
the United States are currently working to define the extent of their continental margin.
This provision has led to some overlapping territorial disputes and disagreements over how the
edge of the continental margin is defined and mapped. For example, Russia claims that their
continental margin follows the Lomonosov Ridge all the way to the North Pole. In another, both
the United States and Canada claim a portion of the Beaufort Sea in an area that is thought to
contain significant oil and natural gas resources.
Challenges of Oil & Gas Exploration in the Arctic
The Arctic is a cold, remote, dark, dangerous and expensive place to explore for oil and natural
gas. The Arctic's vast oil resource and the high price of oil are what currently attract attention
to the Arctic area.
Where ice-free water is available, oil can be produced from a well, placed on a ship and
transported to refineries. It can also be transported by pipeline; however, construction of
pipelines in the Arctic are projects of enormous difficulty and scale.
Natural gas is much more difficult to transport to market. It has a much lower energy density
and must be supercooled to a liquid for movement by sea. This requires a large, complex and
expensive facility that takes several years to design, permit and build. Pipeline construction for
natural gas encounters the same expenses and problems as those required to transport oil.
Offshore exploration in the Arctic currently targets oil instead of natural gas. The relative ease
of transport is what causes companies to favor oil.
Because of these difficulties and expenses, bringing wells into production in the Arctic requires
a very large oil or gas field. The large field is necessary to support the infrastructure required to
drill the wells and transport products to market. However, once an initial infrastructure is in
place, smaller fields can be developed if the existing infrastructure has the capacity to support
them.
Why Arctic Exploration is so Expensive
A short list of reasons why oil and gas exploration in the Arctic is so expensive...
•

Harsh winter weather requires that the equipment be specially designed to withstand
the frigid temperatures.
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•
•
•
•
•
•

On Arctic lands, poor soil conditions can require additional site preparation to prevent
equipment and structures from sinking.
The marshy Arctic tundra can also preclude exploration activities during the warm
months of the year.
In Arctic seas, the icepack can damage offshore facilities, while also hindering the
shipment of personnel, materials, equipment, and oil for long time periods.
Long supply lines from the world's manufacturing centers require equipment
redundancy and a larger inventory of spare parts to ensure reliability.
Limited transportation access and long supply lines reduce the transportation options
and increase transportation costs.
Higher wages and salaries are required to induce personnel to work in the isolated and
inhospitable Arctic.

These difficulties make the cost of oil exploration and production in the Arctic to be nearly
double the cost of other areas. However, the enormous resource has attracted a lot of oil and
gas activity. This will continue into the future. Interest in the Arctic will only increase as oil and
natural gas fields in other areas are depleted and the cost of oil and gas rises.
https://geology.com/articles/arctic-oil-and-gas/
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Appendix I, Arctic Climate Change

Facts on Arctic Climate Change
A Summary of the Arctic Climate Impact Assessment

ARCTIC CLIMATE CHANGE will not only
affect local people and ecosystems but
also the rest of the world, because the
Arctic plays a special role in global
climate. Permafrost is melting, glaciers
are receding, and sea ice is disappearing.
How has the climate changed in the
Arctic so far, and what future changes are
expected?
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Introduction: Global climate change and the Arctic region
The world’s climate is changing. On average, the temperature on the
Earth’s surface has increased by 0.6°C (1°F) over the last two centuries.* 1
There is strong evidence that the recent warming goes beyond natural
climate variability, with most of it due to human activities, particularly
the burning of fossil fuels.

© Patrick J. Van Hove

In the Arctic, climate changes are particularly intense. These changes will
affect the rest of the world by increasing global warming further and
raising sea levels.

The Arctic region is the area around the North Pole, essentially an
ocean surrounded by land. Its territory includes the northern parts of the
North American and Eurasian continents, as well as Greenland and
Iceland. The Arctic is home to a range of plants, animals, and almost four
million people, which are adapted to survive in some of the planet’s most
extreme conditions. Climate change puts increasing pressure on fragile
Arctic populations and ecosystems.

How is the climate changing in the Arctic?
Arctic climate is now warming rapidly and much
larger changes are projected.
Evidence of the recent warming of the Arctic is
provided by: records of increasing temperatures;
melting glaciers, sea ice, and permafrost; and
rising sea levels.
Global temperatures are expected to increase
further during the 21st century. In the Arctic, this
warming is expected to be substantially greater
than the global average, and the following
changes are expected over the current century *:

The Arctic is home to a range of plants,
animals, and almost four million people.



The average annual temperatures are
projected to rise by 3 to 7 °C (5 to 13°F), with
the greatest warming occurring in the winter
months



Precipitation is projected to increase by
roughly 20%.



Sea ice is expected to continue to decline
significantly, reflecting less solar radiation and
thereby increasing regional and global
warming.



The area of Arctic land covered by snow is
expected to decrease by 10 to 20%.

These projections assume a gradual warming.
However, abrupt and unexpected changes
cannot be ruled out.

How will Arctic warming affect the rest of the planet?
Arctic warming and its consequences have worldwide implications.
Changes in the Arctic can influence the global climate through three
major mechanisms:


The amount of the sun’s energy reflected back to space decreases as
snow and ice melt, leading to a more intense surface warming.



The melting of Arctic ice and increased regional precipitation can add
freshwater to the oceans, and potentially affect ocean currents in the
North Atlantic.



As warming progresses, more greenhouse gases could be released
into the atmosphere by the thawing of the permafrost. However,
warming can increase biological growth, and thus absorption of CO2.

By 2100, melting of Arctic glaciers alone will have contributed to a sea
level rise of roughly 5 cm out of the projected 10-90cm total rise for this
century.* 2 Melting of the Greenland ice sheet may increase this number
significantly.
Access to Arctic resources is likely to be affected by climate change,
including: wildlife, such as whales, seals, birds, and fish sold on world
markets; and oil, gas and mineral reserves.
Arctic ecosystem changes will have an impact on a global scale, notably
by affecting migratory species’ summer breeding and feeding grounds.

* Note: The ACIA report sourced some of its measurements and projections from the Third Assessment Report (TAR) published in 2001 by the Intergovernmental Panel
on Climate Change (IPCC). In its Fourth Assessment Report (AR4) published in 2007, the IPCC has refined some of the figures. For example,

1 The IPCC AR4 estimate of the Earth’s average global temperature increase is 0.76°C.
2 The IPCC AR4 projection of sea level rise is 18-59 cm.
GreenFacts’ summary of the IPCC AR4 is available at www.greenfacts.org/en/climate-change-ar4/.
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How will vegetation be affected by Arctic warming?
The Arctic region has three main types of vegetation: polar deserts in the
north, boreal forests in the south, and tundra in between. Rising
temperatures are expected to favor a northward expansion of boreal
forest into the tundra, and of tundra into the polar desert.
The expansion of forest is likely to amplify global warming, because
the newly forested areas are darker than the tundra they replace, and
absorb more of the sun’s energy. However, this can be somewhat

counterbalanced by the fact that they also take up more carbon from the
atmosphere.
Due to the warming, insect outbreaks will increasingly disturb large
areas of forest. Most scenarios project more forest fires in all
ecosystems.
Climate change is expected to increase the range of crops that can be
grown in the Arctic and to extend the growing season. However,
problems caused by insects, diseases, and weeds are likely to worsen.

© Patrick J. Van Hove

Arctic vegetation zones are likely to shift, causing wide-ranging impacts.

How will animals be affected by Arctic warming?
Animal species’ diversity, ranges, and
distribution will change.

salmon and trout, which is a major industry
in the Arctic.

Many Arctic animals, such as polar bears,
seals, walruses, and seabirds, rely on the
sea’s biological productivity and on the
presence of sea ice, both of which are highly
dependent on climatic conditions.

A decline in certain types of vegetation
would affect the animals that feed on them
(such as lemmings or reindeers). In turn,
predators (such as foxes or birds of prey)
and human communities that depend on
these animals would be affected.

Changes in sea surface temperatures or
currents could have a strong effect on Arctic
marine fish stocks, which are an important
food source for the world and play a vital
role in the region’s economy. Rising
temperatures could have both positive and
negative impacts on the aquaculture of

Freshwater ecosystems, such as rivers,
lakes, and wetlands are home to a variety of
animals. They would be affected by
increases in water temperature, thawing of
permanently frozen ground, and ice cover
breaking up earlier in spring.

One of the main types of arctic vegetation, the polar
desert, is found in the north of the Arctic region

© NASA

Observed sea ice

SEPTEMBER

1979

SEPTEMBER

2003
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How will settlements and infrastructures be affected by Arctic warming?
Many coastal communities and facilities face
increasing exposure to storms.
Rising temperatures are modifying the
Arctic coastline and are expected to change
it even more in the future. Sea level rise is
likely to cause flooding of marshes and
coastal plains and accelerate beach
erosion. Some towns and industrial
facilities are already suffering severe
damage as a result of erosion, and are now
facing the prospect of relocation.

Access to Arctic resources is likely to be affected by
climate change including wildlife, fish, and oil

Reduced sea ice is very likely to increase
marine transport and access to resources.
A further decline in the area of Arctic sea-

ice will extend the navigation period and
allow better accessibility by ship around
the Arctic Basin and probably open new
shipping routes.
Thawing ground will disrupt
transportation, buildings, and other
infrastructure
The melting of the permafrost layer poses
significant engineering challenges for roads,
buildings, pipelines, and industrial facilities.
New constructions will require deeper
foundations, thicker insulation, and other
preventive measures that will increase
construction costs.

© Gudjon Mar Sigurdsson

How will people and their environment be affected by Arctic warming?
Indigenous communities are facing major economic and cultural impacts.
The many indigenous communities whose cultures and activities are shaped by the
Arctic environment are facing new challenges because of climate change, in addition
to those posed by current social, economic, and political conditions. They find weather
less stable and predictable, and are affected by changes in snow and sea ice.
Elevated ultraviolet radiation levels will affect people, plants, and animals.
The increase of ultraviolet (UV) radiation reaching the Earth’s surface as a result of
the thinning of the ozone layer has negative effects on humans, animals and plants
in the Arctic, particularly in the spring when living organisms are most vulnerable.
Multiple influences interact to cause impacts to people and ecosystems.
The ability of the Arctic populations to cope with the impacts of climate change will
be greatly affected by political, legal, and socioeconomic factors such as growing
populations, urbanization, or self-determination movements.

Many coastal communities are facing the prospect of relocation

© Ansgar Walk

How can future climate change assessments be improved?
The Arctic Climate Impact Assessment (ACIA)
represents the first effort to
comprehensively examine climate change
and its impacts in the Arctic region, bringing
together the findings of hundreds of
scientists and the insights of indigenous
people.

There remain important gaps in knowledge
that will require improved long-term
monitoring, studies of ecosystem processes,
climate modeling, as well as analysis of
impacts on society. The International Polar
Year (in 2007-2009) will be an opportunity
to improve our understanding of the impacts
of climate change.

Indigenous communities are facing
major economic and cultural impacts
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Conclusion
Climate change presents a major and growing challenge to
the Arctic and the world as a whole. Implications are
particularly great for future generations that will face the
consequences of current action or inaction.
Resulting environmental changes will present risks as well as
opportunities across the Arctic. For example, the large
reduction in summer sea ice threatens the future of several
ice-dependent species but will also increase marine access to
resources and population centers.
The scenarios used in this assessment assume that changes
will be gradual. However, because of the complexity of the
Earth’s climatic system, major surprises are possible if climate

evolves differently. Ocean currents in the North Atlantic might
undergo major changes with wide-ranging consequences for
climate.
Impacts of changing climate in the Arctic are already being
widely observed and felt. They provide an early indication for
the rest of the world of the significance of climate change. The
changes will also reach far beyond the Arctic, affecting global
climate, sea level, biodiversity, and many aspects of social and
economic systems. Climate change in the Arctic thus deserves
and requires urgent attention by decision makers and the
public worldwide.

The 10 key findings:
1. Arctic climate is now warming rapidly and much larger changes are projected.
2. Arctic warming and its consequences have worldwide implications.
3. Arctic vegetation zones are likely to shift, causing wide-ranging impacts.
4. Animal species’ diversity, ranges, and distribution will change.
5. Many coastal communities and facilities face increasing exposure to storms.
6. Reduced sea ice is very likely to increase marine transport and access to resources.
7. Thawing ground will disrupt transportation, buildings and other infrastructure.
8. Indigenous communities are facing major economic and cultural impacts.
9. Elevated ultraviolet radiation levels will affect people, plants, and animals.
10. Multiple influences interact to cause impacts to people and ecosystems.

GLOSSARY GLOSSARY GLOSSARY GLOSSARY GLOSSARY GLOSSARY GLOSSARY GLOSSARY
Boreal forest – A forest that grows in regions of
the northern hemisphere with cold temperatures. Made up mostly of cold tolerant coniferous species such as spruce and fir.
Break-up – The breaking, melting, and loosening of ice in the spring.
Glacier – A moving body of ice that forms on
land from the accumulation and compaction
of snow, and that flows downslope or outward due to gravity and the pressure of its
own weight.
Ice cores (carrots) – Cylinders of ice obtained
by drilling into a glacier. Since the different
layers of ice are formed over time through
build-up of snow, ice cores provide informa-

tion on climate from different periods (up to
almost one million years) that can be used
for research.
Permafrost – A layer of soil or bedrock at a variable depth beneath the surface of the earth
in which the temperature has been below
freezing continuously from a few to several
thousands of years.
Polar desert – Polar deserts are areas with
annual precipitation less than 250 mm and a
mean temperature during the warmest
month of less than 10° C. Polar deserts on
the Earth cover nearly 5 million square kilometres and are mostly bedrock or gravel
plains.

Sea ice – Sea ice is frozen ocean water. It occurs
in both the Arctic and Antarctic and can
cover large extents of water. It grows during
the winter months and melts during the
summer months, but some sea ice remains
all year in certain regions. About 15 percent
of the world’s oceans are covered by sea ice
during part of the year.
Tundra – A type of ecosystem dominated by
lichens, mosses, grasses, and woody plants.
Tundra is found at high latitudes (arctic tundra) and high altitudes (alpine tundra).
Arctic tundra is underlain by permafrost and
is usually [water] saturated.
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Facts on this publication
This publication presents a faithful summary of Impacts of a Warming Arctic, a leading scientific consensus report
produced in 2004 by the Arctic Climate Impact Assessment (ACIA). The summary was written by GreenFacts in
collaboration with the International Polar Foundation.
The Arctic Climate Impact Assessment was an international project of the Arctic Council and the International Arctic
Science Committee (IASC). It was initiated in 2000 “to evaluate and synthesise knowledge on climate variability, climate
change, and increased ultraviolet radiation and their consequences.” This project was an unprecedented four-year
scientific study of the Arctic region conducted by an international panel of 300 scientists. The full report is available on:
www.acia.uaf.edu.

www.polarfoundation.org | info@polarfoundation.org
Tel: +32 (0)2 5430698

With the support of:

Editeur responsable: Jacques de Selliers

■

EUROPEAN COMMISSION
DIRECTORATE GENERAL ENVIRONMENT

Concept: Countdown 2010, GreenFacts

■

www.greenfacts.org | gf@greenfacts.org
Tel: +32 (0)2 2113488

The International Polar Foundation communicates and
educates on polar research as a way to understand key
environmental and climate mechanisms. The IPF also
promotes innovative and multifaceted responses to the
complex challenges raised by the need for action on
sustainable development.

■

GreenFacts is an independent non-profit organisation that
faithfully summarises authoritative scientific reports on health
or environmental topics produced by reputable international
bodies. GreenFacts’ summaries are freely available on
www.greenfacts.org.

Design & layout: beëlzePub

This publication was produced by:

Printed on recycled paper

A more detailed summary can be found on www.greenfacts.org/en/arctic-climate-change/

Texts© GreenFacts asbl/vzw – reproduction welcome; please contact GreenFacts for conditions.
Cover Picture by Marie-Eve Garneau

38

