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APPENDIX 3:

RESPONDING TO GLOBAL CLIMATE CHANGE

IN CANADA’S ARCTIC (EXECUTIVE SUMMARY)

_______________

* Source: Responding to Global Climate Change in Canada’s Arctic—Volume II of Canada Country

Study: Climate
Executive Summary*

In the Arctic, the Mackenzie area has warmed by 1.5°C over the past 100 years (the warming

being most pronounced in winter and spring). The Arctic tundra area has warmed by 0.5°C,

but mainly prior to the 1970s. On the other hand, since about 1970, the Arctic mountains and

fjords area has cooled slightly, mainly in winter and spring.
Global circulation models (GCMs) suggest increased global annual mean temperature relative

to the present of 1 to 3.5°C by 2100 including the possible effects of future changes in

atmospheric aerosol content. Pertinent to the circumarctic area are such features as: maximum

warming in high northern latitudes in winter, little warming in summer, increased

precipitation and soil moisture in high latitudes in winter.
For the Canadian Arctic, winter should see a 5 to 7°C warming over the mainland from west

to east and over much of the Arctic Islands, and up to 10°C warming over central Hudson Bay

and the Arctic Ocean northwest of the Islands; summer is likely to see up to 5°C warming on

the mainland extending into the central Arctic Islands, and 1 to 2°C over northern Hudson

Bay, Baffin Bay, and the northwestern High Arctic Islands. There is some suggestion that a

modest cooling may occur over the extreme eastern Arctic in winter and spring. For

precipitation, increases of up to 25% will be spread throughout the year over much of the

region, but mainly in summer and autumn. Some early autumn or spring precipitation

currently in the form of snow would become rain.
Potential Impacts on the Physical Environment

• At high latitudes such as in Arctic Canada, glaciers and ice caps seem likely to change little in overall 
  size. Enhanced melting at lower altitudes in summer would likely be combined with increased     

  accumulation in higher zones.
• A warmer atmosphere and longer thaw period will be conducive to increased evaporation in the 
  Canadian Arctic. Over land, evaporative losses will be modified according to changes in vegetative 
  cover. Recent work for the Mackenzie Basin suggests that  evapotranspiration will increase for that area.

• Northward flowing rivers throughout the mainland are expected to have decreased flows

  and levels.
• Over half the discontinuous permafrost zone would disappear eventually. The boundary between 
  continuous and discontinuous permafrost will shift northward by hundreds of kilometers, although the 
  ultimate position and timing are uncertain. The active layer will deepen slowly in the discontinuous zone 
  to perhaps double its current depth. Pronounced thermokarst topography and increased erosional 
  effects on coasts are likely. There will be an increased frequency of occurrence of shallow landslides.

• Sea ice occurrence will decline in northern and western areas. A decrease in Northwest Passage winter 
  fast-ice thickness by about 0.5 m (although increased snow cover thickness could temper this) and an 
  increase in the ice-free season of 1 to 3 months are expected.  The open water season should lengthen 
  from the current average of 60 days to about 150 days for Beaufort Sea. The maximum extent of open 
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* Source: Responding to Global Climate Change in Canada’s Arctic—Volume II of Canada Country Study: Climate Impacts and Adaptations, pp. xiv to xvii, author Barrie Maxwell, Environmental Adaptation Research Group, Environment Canada, 1997. Reproduced with the permission of Public Works and Government Services, 2003.

  water in summer will increase from its present range of 150–200 km to 500–800 km; and the maximum 
  thickness of first-year  ice will decrease by 50–75%. Decreased first-year ice ridging thickness and old-
  ice incursion frequency (given no change in wind regime) are also anticipated. There will possibly be 
  increased sea-ice extent in the eastern Arctic area in winter.
• Iceberg calving rates would likely change little. Concentrations of icebergs in eastern Arctic waters may 
  therefore remain fairly stable.
• Sea Level—Overall, much of the Arctic has low sensitivity to such change, as its coastline is generally 
  emergent, but the Beaufort Sea area will be highly sensitive, as will some glacial shores on Bylot, 
  Devon, Baffin, and Ellesmere Islands.
• Coastal Processes—An increase in storm surge frequency will impact some areas significantly, such 
  as the Beaufort Sea. In addition, some coastal areas currently protected virtually year-round from wave 
  action by sea ice (such as the northwest Arctic Islands) will be at risk.
• Freshwater Ice—The river ice season will be reduced by up to a month by 2050, and up to 2 weeks for 
  larger lakes.
Potential Impacts on Natural Ecosystems

• Terrestrial Vegetation—Current global Arctic biomes are expected to change in area as follows: ice-    

  shrink by 12 to 24%, tundra-shrink by 31 to 58% (so that, in Canada, it is mainly confined to the Arctic 
  Islands), taiga/tundra-expand by 16 to 35%. Ecosystem composition will change (more shrubs and 
  moisture tolerant vegetation, less nonvascular plants) and species diversity will decrease. The speed at 
  which forest species grow, reproduce, and re-establish themselves or that appropriate soils can be 
  developed will be outstripped. Shrinking of the Arctic tundra biome will occur hand-in-hand with a
  northward shift of the treeline, by up to 750 km in eastern Keewatin. An increase in forest fires, along 
  with more insects and a longer growing season, is expected to result in noticeable changes in vegetation 
  in the Mackenzie Basin. Insects now common to southern Canada would move into the Mackenzie 
  Basin area. Similarly the pests which are in the region today would move not only further north but also 
  to higher elevations. Peatlands will be extremely vulnerable to climate change.
• Terrestrial Wildlife—In the Arctic, it is the indirect effects of global warming on feed  and water 
  availability that will be the more significant for wildlife. Changes in timing and abundance of forage 
  availability and parasite infestations may accumulate to drive populations into decline, with serious   

  consequences for people still depending on them. Bathurst caribou which live north of Great Slave Lake 
  would probably lose weight in part due to heavier snow cover, and in part due to an increase in the 
  number of insects harassing the herd. North of the mainland, High Arctic Peary caribou and muskoxen 
  may become extinct. Predator-prey relations are a critical component of life cycles of Arctic species; 
  such relations will shift where snow cover and snow type distributions change. The summer habitat of 
  shorebirds in the Mackenzie Delta probably would not change much; on balance, projected future 
  changes in climate and environmental conditions are more likely to be detrimental than beneficial to  

  geese.
• Freshwater and Marine—Lake temperatures would rise but the effect on fish habitats in freshwater is 
  uncertain. Cold water species might be at greater risks as their potential to adapt is not completely 
  known. Arctic char, for example, is one species which could be affected as the northward expansion of 
  southern fish species, such as brook trout, provides competition. Many species in lakes and streams are 
  likely to shift poleward by about 150 km for every 1°C increase in air temperature. The distribution and 
  characteristics of polynyas (ice-free areas, such as the North Water at the northern end of Baffin Island, 
  Hell Gate between Devon and Ellesmere Islands, in Foxe Basin off the coast from Hall Beach, and in 
  Penny Strait) and ice edges that are vital to Arctic marine ecosystems will change. Impacts on mammals 
  such as polar bears, whales, and seals, or on seabirds may be both positive and negative, even on the 
  same species. The range and numbers of some Arctic marine mammals, such as beluga and bowhead 
  whales, may increase or at worst hold steady. Ringed and bearded seals, sea lions, and walruses 
  require expanses of ice cover for breeding, feeding, and other habitat functions and may suffer    

  population decline through pack ice recession. On the other hand, some species (e.g., the sea otter) 
  could benefit by moving into new territories with reduced sea ice. Consequences for polar bears may be
  especially of concern—prolonging the ice-free period will increase nutritional stress on the Hudson Bay 
  population until they are no longer able to store enough fat to survive. Should the Arctic Ocean become 
  seasonally ice-free for a long period, it is likely that polar bears would become extinct.
Potential Socio-Economic Impacts

• Oil and Gas—Even though climate change is generally viewed as easing the environmental conditions 
  under which exploration and development will be carried out, an increased cost for operations in the 
  Canadian Arctic is likely, due to the conservative nature of the industry.
• Transportation—Northward expansion of agricultural, forestry, and mining activities would result in the 
  need for expanded air, marine, rail, and road coverage and related facilities.
– Air: Float planes would benefit from a longer ice-free season, but there would be a correspondingly 
          shorter season for winter ice strips.
– Marine: The impacts in Arctic areas would likely be significant. Benefits would take the form of longer 
         
shipping seasons in all Canadian Arctic areas, with the likelihood of easy transit through the 

Northwest Passage for at least part of the year, deeper drafts in harbours and channels, and the 

potential for reduced ice strengthening of hulls and/or reduced need for icebreaker support. On 

the other hand, increased costs would result from design needs to address greater wave heights, 

possible flooding of coastal facilities in the Beaufort Sea and Hudson Bay, and the generally 

increased need for navigational aids owing to increased precipitation and storm frequencies and
requirements for search and rescue activities.
– Freshwater: The Mackenzie River barge season would increase, perhaps by as much as 40%, but 

lower water levels would make navigation more difficult.
– Land: Increased permafrost instability will likely lead to increased maintenance costs for existing all-

weather roads and rail beds, at least in the short term.
• Building and Construction—Increased air temperature will have a number of effects, including: 
  reduced power demand for heating, reduced insulation needs, and increased length of the season for 
  construction activities that occur in summer (heavy construction, which may be confined to winter due to 
  the movement of equipment only being possible on frozen, snow-covered ground, would face a shorter 
  season). Affected in various ways will be: northern pipeline design (negative); pile foundations in 
  permafrost (negative, although depends on depth of pile); tailings disposal facilities (positive or 
  negative); bridges, pipeline river crossings, dikes, and erosion protection structures (negative); open
  pit mine wall stability (negative).
• Recreation and Tourism—Warmer temperatures would be expected to be beneficial for recreation and 
  tourism in the Arctic (with, for example, the likelihood of extended summer activities into September, at 
  least in the southwestern mainland areas). Yet their impact may be counteracted by stronger wind 
  and/or reduced visibility in some areas. For the Mackenzie Basin, sport hunting could be hurt. In  

  Nahanni National Park only minor changes for river recreation such as canoeing and rafting due to 
  changes in the hydrological regime of the area are anticipated. On the other hand, forest fire and
  ecological changes traceable to climate change could have significant negative impacts there.
• Settlements, Country Food, and Human Health—Climate change may affect the distribution of 
  animals and other resources on which the northern economy is based. In addition, traditional knowledge 
  and local adaptations may no longer be applicable enough to rely on. The health of northerners may be 
  affected through dietary dislocations and epidemiological changes.
• Agriculture—Opportunities would be presented in the central and upper Mackenzie Valley areas. For 
  example, wheat production could improve although expanded irrigation services would be needed.
• Forestry—In the Mackenzie area, average age of trees will decline and the yields from all stands of 
  commercial timber—both softwood and hardwood—will fall by 50%.

• Fisheries

– Arctic Marine—There will be increases in sustainable harvests for most fish populations due to 
  increased ecosystem productivity, as shrinkage of ice cover permits greater nutrient recycling. There is 
  potential for establishing a self-sustaining salmon population in the western Arctic.

– Northern Freshwater—There will be increases in sustainable harvests for most fish species, due to 
  longer warmer growing seasons and relatively small changes in water levels. A potential increase in the 
  diversity of fish species that can be harvested sustainably is likely, due to increases in the diversity of 
  thermal habitats available to support new species expanding their ranges from the south.

• Defence—Canada’s position that all waters within the Archipelago are under its sovereign control could 
  be more seriously tested due to more easy access. Increased surveillance and other activities such as a 
  greater search and rescue capability will be required. A lower probability of extremely cold weather 
  would result in Arctic weather and climate being looked upon by strategists as less of a natural defence 
  in its own right. Military sites such as Alert will face altered costs due to changes in space heating 
  requirement and infrastructure maintenance. Overall, an increased DND [Department of National 
  Defence] role and attendant costs are envisaged.
Adaptation

Human beings, vegetation, and wildlife have shown great ingenuity and resourcefulness in adapting to 
the environmental conditions which characterize the Arctic, but a rapidly changing climate is almost certain to make some existing adaptation strategies obsolete while creating situations that will require new adaptive responses. Adaptation to the impacts of climate change will also have to occur at the same time as northern communities adjust to numerous other social, institutional, and economic changes related to land claims settlements and the creation of new territorial structures such as Nunavut. Climate change could alter many aspects of life, both subsistence and wage-related, in Arctic communities, and in the coming years efforts will have to be intensified to understand how these changes will come

about and what effects they will have. Insights from traditional ecological knowledge as well

as from modern scientific inquiry will play a key part in this process.
Future Directions

Much work is still needed to understand more fully not only the relationship of climate to all aspects of the  biophysical environment as well as socio-economic activities, but also the impacts of climate change on them. In addition to these specific research needs which are well-document in the literature, there are several general concerns which are pertinent to all such sensitivity- and impact-related research for the Arctic.
• Environmental Monitoring—Commitment to continued monitoring of atmospheric and oceanographic 
  variables throughout the Arctic is needed.
• Climate Scenarios—There is a need for more credible and detailed regional scenarios than currently 
  available from the GCMs [global climate change models].

• Geographic Emphasis—The eastern Arctic is much less well-studied than the other regions of the 
  Arctic.
• Socio-Economic Sectors—Existing and potential relationships between climate and socio-economic 
  sectors in the Arctic are even less well-understood than those between climate and the biophysical 
  environment.
• Traditional Ecological Knowledge—TEK should be more effectively utilized, particularly in respect to 
  quantifying terrestrial and aquatic environmental sensitivity to climate.
• Stakeholder Involvement—Real partnerships between researchers and users that involve both 
  communities actively in the planning, developing, and carrying out of impact-related research for the 
  Arctic are essential.

